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} add-ons for the BBC. 
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Micrographics 42 


techniques 


_. Mike James investigates the maths of matrices 


Oric A/D 14 


Afast, eight channel design, making the most of 
the Oric's /O capabilities. 


Centronics speech board 24 


The last word in speech synthesisers. 
Compatible with the BBC, Dragon, MTX500 and 
many more. 


34 


Concluding the project that allows oft-used 
phrases to be stored in EPROM. 


Spectrum dual cassette 39 
controller 


Providing motor control and signal switching. 


Electron RS423 


Rounding off our design that endows the 
Electron with the universal serial 
communications systems. 
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BudgetsidewaysRAM 56 | 


Enough room to develop sideways ROM t 
software for around £7.00. 
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Sideways ROM 
expansion board 


Crossing the I's and dotting the T’s of our 
sideways ROM extension board. 
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and discusses transformations. 


Print spooler 46 


A suite of software that frees your BBC micro 
during printing. 


REVIEWS 


Sinclair’s QL 26 


Even when the usual Sinclair hype is stripped 
away, the QL is still left with a world beating 
specification. 


BCPL for the Beeb 30 


A valuable system programming language that, 
to date, has not received much appreciation. 


62 


| Our regular look at the latest releases. 


Concept 09 60 


If you're in the market for a 6809 system running 
FLEX, the ’09 deserves a look. 
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Book Service... ee ee 


The second part of our multiprocessing feature 
and the fourth instalment of the SAT 16 project 
have been held over due to jack of space. 
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NEWSNEWS! 


Better late than never? 


Atmos: a better keyboard, a better ROM. 


I triple E 
for the BBC 


Acorn Computers have developed 
an {EEE general purpose interface 
bus for the BBC micro. Called the 
Acorn |EEE Interface (Acorn do not 
have the dash of Sinclair when it 
comés to original names) the device 
connects directly to the BBC micro 
to provide computer control over a 
network of up to 14 separate IEEE- 
488 compatible devices, including 
‘scopes, voltmeters, logic 
analysers, spectrum analysers, etc. 

The new interface will further 
establish the BBC machine as a 
scientific, laboratory, and develop- 
ment tool. Together the interface 
and computer should provide a low 
cost and versatile control system, 
and coupled with the high level con- 
trol languages now available on the 
BBC, sophisticated analysis pro- 
grams would be able to directly pro- 
cess data collected through the new 
interface. 

The Acorn IEEE consists of a self- 
contained unit and a ROM chip 
which plugs into the sideways ROM 
board of the BBC. The ROM pro- 
vides the IEEE filing system, a set of 
plain English commands which the 
programmer uses to pass instruc- 
tions from the micro to the equip- 
ment on the network. 

At £325, the interface costs nearly 
as much as the computer itself. By 
industrial standards, this is not so 
expensive and educational and 
scientific establishments will not be 
deterred — hobbyists may be. E&CM 
is hoping to publish a construction 
project for the BBC IEEE interface in 
the near future, and this will cost 
around £80-£100 —a figure which is 
a little nearer the mark. 

Meanwhile CST (Cambridge 
Systems Technology) has ‘admitted 
failure’ in its attempt to manage 
sales of their Procyon IEEE interface 
for the BBC. The Procyon was 
launched on the market in Sept- 
ember ’83, and CST have found it 
impossible to meet what they call a 
‘staggering demand’. 
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A waiting game 


Clive Sinclair and his team have once again assured themselves 
of ahealthy share of the profitable PC market with the launch of 
the QL. Like its forerunners, the ZXs 80, 81, and Spectrum, the 
QL has managed to break the mould of British computers. It has 
done this by offering a price/performance ratio that is, by 
whatever yardstick you choose, streets ahead of the 
competition. The QL is assessed in our review that begins on 
page 26, although it must be pointed out that this is a “paper” 
review based upon a detailed examination of the machine's 
manual and brief discussions with a few key Sinclair personnel. 
This approach has been dictated by the fact that at the time of 
writing (late January) no QLs are available for examination by the 
press. We have been assured however that a QL will be with us 
in time to prepare a hands on review in time for our next issue. 

The fact that the press could not take away any machines at 
the time of its launch and that the rumours going the rounds at 
the moment concern themselves with things that point to 
difficulties in the initial production of the QL in volume, would 
tend to suggest that it may be alittle while before there are many 
machines in the field. This makes the first wave of advertising 
with its claim of 28 days delivery seem optimistic to say the least. 

The Spectrum was initially marketed in very much the same 
way as the QL is being sold at the moment, that is direct 
response, off the page, mail order advertising. In the Spectrum’s 
case a combination of production problems and component 
supply problems, meant that a number of customers waited 
more like 28 weeks rather than days. 

Following complaints from a number of people, Sinclair had 
their wrists slapped by the ASA, the body dedicated to 
maintaining the legal, truthful, decent and honest aspects of 
advertising. Slapping wrists however is about all the ASA can 
do, apart that is from asking a company to alter or, in extreme 
cases withdraw the offending advert. This action usually 
happens months after the advert has appeared and after a fair 
degree of trouble has been caused. 

In the case of Sinclair there is no danger of anyone losing 
any money and anybody not prepared to wait for a Spectrum 
was given a full refund. Is that the point though? Any company 
making a 28 day claim should be able to demonstrate that they 
are in a position to meet the demand that, to borrow a nice legal 
phrase, could be expected by the reasonable man. 

If necessary the company should be required to show such 
an ability to fulfill demand in a court of law. Failure to do so would 
result in a financial rather than verbal penalty. Such a scheme 
would not penalise small, or even large companies, provided 
that they could demonstrate that any delivery claims were made 
in good faith. 

Itis hoped that Sinclair will meet their claims as to deliveries 
of the QL but | for one would not bet too much money on it. | 
hope that | am proved wrong — please let me know how long any 
of you who order a QL have to wait for the thing to arrive. 


The Atmos is a little more than an 
Oric 1 under another name. Oric’s 
latest machine has a_ vastly 
improved keyboard; a new ROM 
operating system which, claim the 
makers, greatly enhances perfor- 
mance; and several new com- 
mands. 

Some 160,000 Oric 1s were sold 
in 1983, but the machine was 
plagued by technical problems, 
unreliability, and in its earliest days 
by delivery problems. The machine 
was never able to compete on equal 
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terms with the Spectrum, and in par- 
ticular lacked comparable software 
support (according to Sir Clive, 
there are now some 5000 different 
commercial packages available for 
the Spectrum). 

The Atmos is intended to make up 
for the Oric 1s defficiencies. For 
£170 (£40 more than the Spectrum) 
the new machine offers three major 
benefits over its rival. Firstly, the 
aforementioned keyboard with full- 
travel typewriter style keys; 
secondly (and no change here) a 
centronics interface enabling con- 
nection to a wide range of printers; 
and thirdly, RGB output. Cassette 
tape loading has also been 
improved, with a new facility to 
override error checking (overcom- 
ing errors in the header alone) and 
verification, storage and recall of 
arrays. 

New commands include GRAB, 
allowing better utilisation of avail- 
able memory, and the bug in the 
Microsoft FRE command has been 
eradicated. All existing Oric 1 pro- 
grams will be compatible with the 
new machine. The Oric printer and 
disc drives will also be available in 
the same attractive packaging as 
the Atmos. 

The Atmos is clearly a considera- 
bie improvement over its forebear, 
but the manufacturers may have 
missed the bus — the question mark 
over software support remains, 


Software 
pirates 
clean up 


Software houses are starting to ; 
shout about piracy. According to | 
the Guild of Software Houses at ‘ 
least £100 million were lost through 
piracy of computer games during 
1983, but the real figure couldbe 10 | 
times that amount. j 

According to Nick Alexander, j 
chairman of the Guild and managing 
director of Virgin Games, ‘It is 
generally regarded that between 
one and ten pirate copies are made / 
for every game sold’. 4 

The current market for computer | 
games in the UK is £100 million. It is 
hard to imagine that the pirates are « 
making an equivalent amount(much | 
piracy is of the amateur variety) but # 
this is the figure which the Guild esti- © 
mates is lost in sales by the 300 
British software houses through | 
illegal copying. Some firms feel that 
if the trend continues they will be 
threatened with bankruptcy. The 
legal steps they can take to combat 
the problem are not yet established, | 
but the industry is said to be laying 
out its plans. ; 
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Build your own 6809 


Sinclair has his day 


Acorn, Apple, Commodore and the 
British Broadcasting Corporation all 
suffered a severe verbal battering 
when Clive Sinclair used the oppor- 
tunity of the launch of his new QL to 
tell a few home truths. The Brian 
Clough of computing has never 
been known for his modesty or reti- 
cence; neither were in evidence on 
January 12th. 

According to Sir Clive, upgrading 
the BBC micro to the standard of the 
QL would cost in the region of 
£1,500 (Nigel Searle raised a large 
chart into the air to prove it); Com- 
modore, with their new 264 were 
‘miles away’; and Apple's Macin- 
tosh, with a 68000, the same 
memory as the QL and a single disk 
drive offered ‘less performance at 
four times the price’. Vying for their 
lucrative educational contract, and 
apparently frustrated at every move, 
Sir Clive accused the BBC of ‘mov- 
ing in very mysterious ways’. 

Needless to say Sinclair has put 
his money where his mouth is and 
produced another admirable 
machine. The Quantum Leap is a 
new kind of computer likely to open 
a new kind of market. For £399 the 
buyer will get one of the best pro- 


Prism double launch 


With an all star cast and a spectacu- 
lar light show Prism launched two 
new products onto the market. 

The date was Friday 13th, and not 
all went as planned. The show 
began with the launch of Topo and 
Fred. Topo is a 3’ high ‘personal 
robot’. Usually he walks and he 
talks, but had difficulty doing either 
on the day. The robots are control- 
led by infra-red signals, and at the 
London Hippodrome the transmit- 
ters had to contend with an absor- 
bent black wall surface, red lasers, 
smoke, and an infra-red curtain 
control. Depending on who you 
listened to, one or other of these 
was responsible for Topo’s embar- 
rassing immobility. 

Also on show for the first time was 
Prism’s first computer, a semi-port- 
able executive machine known as 
the Wren. With two disk drives, VDU 
and keyboard incorporated into a 
single unit, comparisons with the 
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cessors available, a first class 
operating system, two microdrives, 
versatile networking and interfac- 
ing, and four business software 
packages which two years ago 
would have cost £400 each. The QL 
is aimed at ‘the technical, profes- 
sional, and senior student market’, 
but Sinclair claims that they are not 
leaving the home market: ‘the QL is 
a professional computer for the 
mass market, designed for more 
businesslike applications’. 

The QL will be marketed for the 
time being by mail order only. First 
deliveries are planned for late Feb- 
ruary. Currently the only machines 
in existence are pilot stock, and 
some doubts hang over the com- 
pany’s ability to satisfy what will cer- 
tainly be a big demand — particularly 
at a time when there is a worldwide 
shortage of electronics compo- 
nents. Planned production at the 
Thorn EMI! factories is 20,000 per 
month by July, but whether QL 
retains its meaning as Quantum 
Leap, or gets a new nickname — 
Quite Late - remains to be seen. 
Now turn to page 70 for a full review 
of QL specifications and Super- 
basic. 


Osborne will inevitably be made. 
The Wren however has been built 
first and foremost with a strong 
communications capability in mind, 


reflecting the manufacturer's 
interest in Prestel and Micronet. The 


Based on the powerful 6809E 
microprocessor the Microbox is a 
‘build your own’ computer support- 
ing a ful! 6OK of main system RAM, 
disc controller for two 5.25 inch 40 
or 80 track drives, two program- 
mable RS232 serial ports, Cen- 
tronics printer output port, and 
parallel keyboard input port. 

An additional 128K of on board 
RAM is partitioned as alphanumeric 
display, graphic display and silicon 
disc. The alphanumeric format dis- 
plays text in 108 columns by 24 lines 
or alternatively 128 columns by 72 
lines. True high resolution graphics 
of 768 by 576 points are 
implemented by use of the 
NEC7220 graphic controller chip. 
Very high speed drawing is provided 
by this device through its own 
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The EP44, Brother's portable printer/typewriter/terminal, has lived up to all expectation. All 


hardware vector generation, Primi- 
tives supported include points, 
lines, rectangles, circles, arcs and 
area fill. 

The RAM based silicon disc looks 
to the system like a conventional 
floppy disc with a capacity equal to 
a 40 track single sided single 
density diskette. However the 
access time is many times faster. 

In addition to the RAM disc an 
eprom based silicon disc is also 
implemented on Microbox, this is in 
the form of a small plug-in EPROM 
carrier board which will accept four 
8, 16, 32 or 64K EPROMS, a 
maximum of 256K of additional disc 
capacity. Microconcepts, 8 
Skillcorne Mews, Queens Road, 
Cheltenham GL50 2NJ. 


the deficiences of the EP22 have been corrected, and a number of important new facilities are 
available: not least the ability to send as well as receive, allowing the machine to be used as 


a dumb terminal. 


Print quality is measurably improved, memory storage has been doubled, and on the new 
machine it is possible to edit all copy stored in the memory. All these facilities, plus an inbuilt 
calculator {which prints) are available for around £220. Next month E&CM will be carrying a 
full review of the machine, and we intend to test its usefulness as a keyboard for the 
Spectrum, and as a receiver of data communications via a modem. Readers will have the 


Wren offers the ability to send elec- 
tronic mail to other Prestel custom- 
ers, can directly download software 
to Micronet 800, and sends and 
receives national and international 
Viewdata information. 


chance of winning their own EP44 by entering this month’s competition on page 72 of E&CM. 


Tremendous 
response to 
Your Robot 


Readers will already have noticed 
the inclusion of Your Robot with 
E&CM for the second month in suc- 
cession. Originally it was intended 
to include the free magazine on a 
quarterly basis, but because of the 
tremendous response we have had 
from both readers and advertisers 
Your Robot will be given away free 
with E&CM every month, and will be 
sold on its own in the near future. 
The TV advertising campaign which 
heralded the arrival of Your Robot 
will be continued this month. 
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SOME 


If youve reached the stage where the restraints of 
your 6809 based computer are becoming a 
bore, cast your eye over this advertisement. 


After 4 years of research, in conjunction with 
TS.C. Incorporated, Compusense are launching 
“The Flex” in Britain. 


Sales have already reached the 100,000 mark 
worldwide, which will give you an idea of how 
successful the product is. 


FLEX is an elegant, friendly and efficient disk 
based operating system. It is supplied with a 200 
page manual and includes an editor and an 
assembler. 


All very well you may be thinking, but what will it 
do for me? And why should | replace my existing 
package? Or indeed, why buy one at all? 


Our reply is simple. We let the facts speak for 
themselves. 
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HARDWARE 


BBC ROM extension socket 


‘| Toad Educational Computing has 


produced a new method of extend- 
ing the capabilities of the BBC 
Model B micro with EPROM 
software. The ROM extension 
socket sits outside the computer on 
the keyboard, so _ changing 
EPROMs is simple; just lift out one 
and drop in another. 

The extension is a single socket 
which is fitted easily onto the 
keyboard casing and plugs into the 


Boosting 
Spectrum 
sound 


Zeal Marketing have designed and 
are now producing a sound booster 
for the Sinclair Spectrum. The unit 
comes complete with leads and a 
load-save facility which obviates the 
need for constant plugging and 
unplugging. A hefty 3" loudspeaker 
is incorporated and a volume con- 
trol for more than adequate sound 
input. The device requires no bat- 
teries and all connections to the 
computer are made externally, thus 
ensuring no invalidation of the 
guarantee. The unit is priced at 
£14.99. Zeal Marketing Ltd., Van- 
guard Trading Estate, Storforth 
Lane, Chesterfield, S40 2TZ. 


Spectrum I/O 
port— 16 or 48K 


Multitron’s Spectrum I/O port fea- 
tures 24 I/O lines, single wire 
sockets on each individual line, and 


edge card connection. It is possible. 
to construct prototype projects. 


using the computer without the 
need for any soldered connection. 
The module is easily programmed 
using the Basic IN and OUT com- 
mands. There is a through bus for 
peripheral connection, and a com- 
prehensive user manual is supplied. 
The price is £11.75. Multitron Elec- 
tronic Assemblies, 5 Milton Close, 
Headless Cross, Redditch, Worcs 
B97 5BQ. 


machine’s ROM board. There is no 
need for any soldering as the unit 
comes complete and ready to instal. 
It fits neatly into the area to the left of 
the keyboard and accommodating it 
means only cutting out the hole 
already indicated by the manu- 
facturer’s perforations. 

The extension socket costs 
£19.99. Toad Educational Comput- 
ing, Dept. PR, 8 Westbourne Grove, 
Sale, Cheshire M33 1RP, 


Dragon 


rototyping 
oard 


A Eurocard size prototyping board 
for the Dragon and Tandy Colour 
computers is now available. This 
double-sided glass fibre board has 
imm holes on a 2.54mm matrix. 
Available in two versions; standard 
at £4.95 + p&p + VAT and with a 
gold-plated edge connector at 
£6.15 + p&p + VAT. Steve's Elec- 
tronic Supplies Ltd., Castie Arcade, 
Cardiff CF1 2BW. 


Paged ROM 
on the Beeb 


This is an external/internal system 
comprised of two circuit boards; the 
first is a small board, mounted inter- 
nally by plugging into the CPU 
socket (no soldering required); the 
second board is boxed and con- 
tains 12 x 28-pin sockets and is con- 
nected to the first board via a flat 
cable and connectors. This facili- 
tates inserting and removing 
PROMS, EPROMS etc (up to 16 Kilo 
byte in size) without the need to 
open up the BBC. 

If further expansion is required, a 
second board (also boxed) is avail- 
able which is connected to the 
external board and adds another 12 
expansion sockets which can 
replace the first 12 at the throw of a 
switch. Micro-Z Ltd., PO Box 83, 
Exeter EX4 7AF, Devon. 
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SOFTWARE! orHERs 


BBC 
Doodle Master 


A graphics programmer with com- 
prehensive facilities for the defini- 
tion of up to 8 shapes at a time on 
the Dragon 4-colour hi-res screens. 
\f no Basic program is resident up to 
20 shapes can be defined. Full 
swopping and movement between 
the 8 shapes is possible, allowing 
the ‘Old’ reloading of a shape into 
the workspace or ‘New’ saving of 
workspace to the selected shape. 
The package costs £17.95 (cart- 
ridge) or £15.95 (disk). 


Character Define 
Envelope Editor 


Two new programs from Gem 
Software released as their Util-1 for 
the BBC B using OS 1.0 and above. 

Character Define allows the user 
to create ‘all manner of user defined 
characters’ and single or multiple 
character shapes and symbols for 
use in programs. 

Envelope Editor assists in the use 
of the BBC’s sound and envelope 
commands, with graphic displays to 
portray the effects created by the 
modification of the BBC B's pitch 
and amplitude envelopes. 

Both programs are written in 
Basic, employing 24 and 26K of 
memory respectively. The price of 
Util-1 is £9.95. Gem Software, Unit 
D, The Maltings, Sawbridgeworth, 
Herts. 


Design 

Beebugsoft's CAD package for the 
BBC is a screen processor which 
allows information to be displayed 
in a format suitable for demonstra- 
tions, slide projections, or presenta- 
tions. Graphs and pie charts can be 
drawn using the software, and text 
can be written onto the screen. 
Twenty user characters may be 
used to build up large special 
shapes, they may then be placed 
anywhere on the screen or re- 
defined as required. Two sets of 
these characters are supplied with 
the package: one for electronic cir- 
cuit design work. Design is priced at 
£19.00 (disc) or £10.00 (cassette). 
Beebugsoft, PO Box 109, High 
Wycombe, Bucks HP11 2TD. 


DSKEDT 


A full diskette sector editor from 
Premier Microsystems. DSKEDT is 
a utility program for the BBC user 
who needs to repair, alter or 
examine the contents of a disk. The 
product is supplied as an 8K 
EPROM, and features a dedicated 
disk editor, comprehensive com- 
mands, and help facilities. Full 
documentation is included in the 
price of £19.95. Premier Micro- 
systems Ltd., 208 Croydon Road, 
Annerley, London SE20. 
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DRAGON 32 
Toolkit 


This and the two packs listed 
below are from Premier Micro- 
systems. The Toolkit is a cartridge, 
utilising only 0.3K RAM; it includes a 
full screen editor, eight program- 
mable keys, 25 full colour lo-res 
graphics screens (full colour anima- 
tion at machine code speed from 
BASIC is said to be possible), a full 
range of error handling commands, 
variable GOTO and GOSUB com- 
mands, TRACE, SEARCH, 
REPLACE, and over 60 new words 
linked to Dragon Basic. The price is 
£29.95. 


Paintbox 


One of a number of new releases 
from Beebugsoft, Paintbox is a joy- 
stick drawing program capable of 
drawing intricate full colour pic- 
tures. It features an ‘elastic band 
cursor’ drawing in various widths, 
and will automatically draw (and fill) 
circles, triangles etc. The keyboard 
can be used to insert text anywhere 
on the screen, using any colour and 
in any of seven sizes. Paintbox is 
available at £12.00 (disc) or £10.00 
(cassette). 


Encoder 09 


A full 6809 assembler/disassem- 
bler/monitor featuring a full sym- 
bolic assembler using standard 
mnemonics and pseudo opcodes. 
Basic is used for the editor, so that a 
full line editor is always immediately 
available. An auto line generator 
toolkit is also provided. As a car- 
tridge, Encoder 09 is priced at 
£39.95, and at £34.95 as a Delta 
disk. Premier Microsystems Ltd., 
208 Croydon Road, Annerley, Lon- 
don SE20 7YX. 


SPECTRUM 


Eastmead Medical 
Series 


An absolute must for all hypochon- 
driac Spectrum owners. Three 
packages are available: ‘The com- 
plete guide to medicine’, ‘First Aid’, 
and the morbidly named ‘How long 
have you got’. The first pack pro- 
vides information on pregnancy, 
child development, anatomy, 
physiology, nutrition, exercise, and 
a simple diagnostic program. The 
function of the First Aid Pack is self 
explanatory, dealing with all the 
usual type of household disaster, 
and ‘How long have you got’ col- 
lates and number of variables 
affecting health such as smoking, 
drinking, work habits, sex, weight, 
height, stress — you name it. This 
one could give you a nasty shock. 
Eastmead Computer Services Ltd., 
Eastmead House, Lyon Way, Frim- 
ley, Camberley, Surrey GU16 5EZ. 


FLEX’s features are dynamic file space allocation, 
random and sequential file accessing, user start 
up facility, automatic drive searching, file dating, 
Space compression, complete user environment 
control, English error messages, over 20 com- 
mands for normal disk operations and there are 
high quality software packages available on disk. 


It requires the 64K Dragon and at least one disk 
drive or any 6809 based micro-processor or 
system that supports disk drives. FLEX is also 
available on the BBC Model B. 


In short, this product enables you to use your 
computer to its full potential. A whole range of 
new facilities and controls will be at your disposal. 
You may even think you're using a new machine 
what with all the extra functions you'll obtain. 


Oh yes, onelast thing wed like to tell you. Itknocks 
the spots off the competition and it's cheaper! 


Send £75 (Excl VAT) for fast mail order service. Credit card holders 
can also order via the telephone. 


COMPUSENSE LIMITED 

Box 169, 286D Green Lanes, Palmers Green, 
London N13 5XA, Tel: 01-882 0681/6936 (24hr) 
Telex: 8813271 GECOMS G 


FLEX ts the registered trade mark of Technical Systems Incorporated. 
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PROJECT 


A/DC 


ORIC 


ONVERTER 


A. A. Chanerley, B.Sc., M.Sc., describes a sophisticated wei 


Ina 


The Oric computer has a dedicated area of 
memory for input/output facilities. This 
area is page 3 on the Oric memory map ie 
address &0300 to &03FF,255 available 
memory locations. This is not to say that 
any other area of memory cannot be used 
for one’s own peripherals, as will be 
explained shortly. It is just that to prevent 
clashes occuring with Oric peripherals eg 
microdrives it is advisable to use the dedi- 
cated input/output area. 

lf one looks at the block diagram of the 


6502 yP 


KEYBOARD 
INTERFACE 


PRINTER 


INTERNAL 
TO KEYBOARD 


facilities. 


Oric circuit, Figure 1, then it can be seen 
that the 6502 CPU is connected to ROM/ 
RAM, a 6522 VIA, through which the CPU is 
also connected to the 8912 sound- 
generator chip. This IC is also connected to 
the keyboard interface, and so, the CPU is 
multiplexed through the 6522, to the 
beeper, keyboard and printer. The 
keyboard interface uses the 8-bit I/O port 
built into the sound chip. This port decodes 
the columns of the keyboard directly, while 
the rows are decoded by a 4051, 8-to-1 line 


to di ital pt haa based on the latest, self contained, ADC c 
dition, he fully describes the subtleties of the machine's V0 


multiplexer. The 3 address inputs being 
connected to the first three bits of port B on 
the 6522 VIA,PBO,PB1 and PB2. Figure 5 
shows a schematic of the keyboard inter- 
face. The 6522 VIA is memory mapped 
onto the first 16 locations of page 3 ie 
&0300 to &030F, as shown on the memory 
map of Figure 2. These locations are 
reflected up page 3 and therefore it is 
necessary to disable the 6522 when per- 
forming a read or write operation to or from 
an external peripheral. This is possible by 


INTERFACE 


Figure 1. Block diagram of the Oric computer. 
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USER PROGRAMME 


PAGE 3 (USER 1/0} 


PAGE 2 (RUN TIME VARIABLES. 
PAGE 1 (STACK) 
PAGE 0 (ALLOCATED) 


Figure 2. The Oric’s memory map. 


pulling the I/O CONTROL pin low. This pin, 
which is brought to the expansion socket 
at the back of the Oric, is pin 24 on the 6522 
VIA and is active high, disabled low. The 
pin number for the |/O CONTROL input is 
shown in Figure 4, containing the pin-outs 
of the ORIC expansion socket at the rear of 


10V max 


ANALOGUE 
INPUTS 


MARCH 1984 


PAGE 3 MEMORY 


PARALLEL 1/0 
HANDSHAKE 


MEMORY MAPPED INTERNAL 6522 VIA 


ORB (PORT B) [ 0300 | 


the microcomputer, 

Decoding page 3 of the ORIC map is 
similar to that employed by Acorn’s BBC 
microcomputer, when using its 1MHz bus. 
ORIC provide the I/O signal, marked on the 
expansion socket as pin (5), which is an 
output, driven low every time page 3 is 


10 CHANNEL 


- 1 CHANNEL 


accessed, this signal effectively decodes 
the upper 8 address lines, which are A8 to 
A15. The remaining task is therefore to 
decode the lower address lines AO to A7. 
Users familiar with the BBC microcom- 
puter will recognise that the ORIC I/O out- 
put corresponds to the external FRED and 
JIM outputs which also decode A8 to A15 


” ,. BBC owners will see 
similarities between the 
FRED and JIM outputs 
and the Oric1/O”. 


when pages FCXX and FDXX respectively 
are accessed. It is an admirable technique 
for rapid, efficient decoding and is 
employed in the ORIC version 1.1 and the 
earlier 1.0 version. 

The I/O signal pin and AO to A7 are all 
numbered on the expansion socket as 
shown in Figure 4 and via suitable gates 
can then be used to provide the chip- 
enable signal (CE) for any external 
peripheral and to simultaneously disable 
the internal 6522 VIA by pulling the I/O 
CONTROL pin low. It should be noted 
however that the internal 6522 need only 
be disabled between addresses &0310 to 
&03FF of page 3, because addresses 
&0300 to &030F, the 1st 16 addresses are 
the controlling locations for the operation 
of the 6522, which can also be used for 
user input/output as explained below. 


The Oric VIA 


The 6522 Versatile Interface Adaptor (VIA), 
is a combination of shifter, timer and 
parallel input/output (PIO). It is equipped 
internally with 16 registers which control 
the chips operation. These 16 registers are 
mapped onto ORIC memory through loca- 
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Figure 4, Details of the Oric's connectors. 

tions &0300 to &030F and through these 
the CPU controls the VIA. The exploded 
memory map shows the locations and 
control functions of the VIA in Figure 2. 
Fortunately we shall confine our discussion 
to the 8-bit parallel |/O ports designated 
port A. Port B and timers are configured 
internally and therefore can be ignored, 
port A however forms the data bits of the 
printer port at the rear of the ORIC and can 
therefore be configured for output or input. 


Directing Data 


To direct data to the printer socket data- 
pins only requires a POKE statement. The 
memory map shows that locations &0303, 
&0301 and &030F are used for input or out- 
put for port A. Location &0303 is mapped 
onto the DDRA, the data-direction -register 
for port A. This register, under software 
control tells the VIA whether port A should 
be an output or input. By POKEing the 
word 255 into DDRA, all 8 bits of port A will 
be set for output. By POKEing 0 into DDRA, 
all 8 bits will be set for input. Any of the 8 
bits can be individually set for output or 
input by POKEing in the necessary control 
bit or either 0 or 1. For example, to POKE 
data of decimal 20 into port A, will be as 
follows: 


10 POKE #0303,255: 
REM make port A output 
20 POKE#0301,20:REM output data 


and bits 2 and 4 ie pins (7) and (11) of the 
printer port will be set high, all the rest will 
be low. The 20-way printer pin-out is 
shown in Figure 4. In order to program for 
input: 
10 POKE#0303,0: 
REM make port A input 
20 Y=PEEK(#0301): 
REM read input data 
30 POKE#0303,255 
:REM reset via as output 
‘REM otherwise keyboard 
‘REM will be disabled 
Bearing in mind that I/O goes low when 
page 3 is accessed and the R/W line is 
available, latching can be performed at 
output. 


Figure 5. he aboard aati ora 
Other memory locations 


Memory locations BFEO to.BFFF have in 
the past been used for user defined 
peripherals, by using the MAP and 
ROMDIS pins. The purpose of the MAP pin, 
which is an active low input, is to modify 
the operation of the internal RAM or ROM. 
If MAP is pulled low when locations in ROM 
are being accessed, then the internal ROM 
is disabled and the internal RAM enabled 
giving up to the full 64K RAM with the 48K 
machine. This is used by the ORIC microd- 
rives, hence clashes may occur with user 
defined peripherals in these areas. If RAM 
is being accessed when MAP is pulled low 
then the internal RAM is disabled and 
external memory or other add-ons may 
occupy the data bus. So additional paged 
ROMs, for example may be designed onto 
the ORICs expansion socket. Timing is 
important, MAP shouid be active low for 
mation register, an 8x8 RAM for storing 
currently converted data, tri-state buffers 
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about 250nsecs and should commence 
80-100nS preceding the rising edge of 02. 
More details can be obtained from a new 
book by lan Adamson, The Companion to 
the ORIC 1. Where the author of this article 
wrote the I/O chapter. 


An Oric ADC 


The ADC chip that is at the centre of this 
design is relatively recent, but has already 
been extensively used in interfacing other 
computers. It is a virtually self contained 8 
analogue input, 8 bit, A-to-D converter 
chip, which requires a —10 Volt reference 
typically, but can be + or — 25 Volts, a 5V 
TTL supply and a 1MHz to 1.6MHz clock to 
synchronize conversions. See circuit dia- 
gram Figure 3. 

Internally the chip has a multiplexer to 
select the analogue channel, an on board 
D-to-A converter, a successive approxi- 


which when enabled will place the data 
onto the data bus of the computer. The 
block diagram is shown next month. Each 
of the analogue channels takes 80uS to 
convert, that is on a 1MHz clock, therefore 
a complete 8-channel conversion takes 
640uS. Each time a channel conversion is 
complete the data-byte is loaded into the 
appropriate internal 8x8 RAM location, 
ready for output onto the data bus when 
the buffers are enabled by a low CS (chip 
select) signal. There is also a status pin 
(12), which goes low every time a channel 
conversion is complete and this provides 
real-time applications. AO,A1,A2 are used 
to address the 8x8 RAM locations and are 
controlled by the operator from software, 
in this case by PEEK statements to read in 
the data. There is an address latch enable 
(ALE) which is permanently tied high. 


Next month: Construction 


details. 
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Battle of the se 


Mike James unravels some of the complex ideas and techniques it 


The BBC Micro is a remarkably well 
designed machine that has always been 
seen as the centrepiece of a computer 
system rather than a complete system in 
itself. This is not to say that the BBC Micro 
cannot be used on its own for a good range 
of applications but criticisms of lack of 
memory are often heard. In practice the 
BBC Micro is fast and the shortage of 
memory really only becomes acute when 
using Mode 0 or Mode 1. However ‘fast’ is 
a relative term and no matter how fast a 
machine is there will always be someone 
wanting it to go faster! In the past the only 
solution to the ‘go faster’ problem was to 
scrap the whole machine and start again! 
This was the fate of ENIAC, EDSAC etc but 
not the BBC Micro. Rather than design a 
machine that would become redundant as 
soon as improved versions of the tradi- 
tional eight-bit micros and the even faster 
16/32-bit devices became available, Acorn 
realised that the most important part of any 
system was an I/O processor and this is 
what they designed. 


How simple is a computer 


Seeing the BBC Micro as nothing more 
than an I/O processor may be a point of 
view that is difficult to accept — almost 
demeaning of the BBC Micro's normal hal- 
lowed position as one of the best machines 
around. However this is a misunderstand- 
ing of just how complicated an advanced 
/O processor is and just how simple a 
computer is. Early computers communi- 
cated with the outside world via serial and 
parallel interfaces. Driving these interfaces 
was comparatively simple but then the 
responsibility for actually displaying the 


output was left to complex devices such as 
VDUs and printers. With improving 
technology more and more of the originally 
separate I/O devices have become built 
into the computer. Today it is quite natural 
to expect a personal computer to include 
the necessary hardware to produce not 
only a text display but a full colour graphics 
display, a disc drive interface and soon... 
But the part of a computer that is respon- 
sible for its raw computing power is still the 
same. The quality of the CPU governs the 
speed of processing and the amount of 


question that was first answered by the 
APPLE II with its range of add-on co- 
processors. There are a great many CPU 
cards for the Apple II and if it wasn’t for the 
fact that the Apple’s I/O functions, 
graphics, disc etc, are rather out of date 
the Apple Il would be as viable today as it 
was when the 6502 was an exciting new 
micro. The point is that even I/O proces- 
sors eventually become old technology. 
The BBC Micro is one of the best I/O pro- 
cessors available. It is so good that a great 
many BBC Micros have been bought to be 


“,..fastis a relative term... there will always be 
someone wanting their machine to go faster...” 


memory governs the size of program that 
can be run (without special techniques). 

If you ignore the problem of I/O it has 
never been easier to build a computer. All 
you have to do is assemble a few (and the 
number decreases every day) RAM chips 
for the main memory around a micro- 
processor of your choice. Add a small 
amount of ROM or EPROM to get things 
started and apart from the few small chips 
that are necessary to make it all work 
together (the ‘glue’ in current jargon) that is 
all you need. Of course with no way of get- 
ting data in or out of the resulting computer 
it won't be at all useful. 

Once you have realised that the ‘compu- 
tational’ part of a microcomputer is a very 
small simple component of the whole 
system you start to question the need to 
throw the whole machine away when all 
that is required is a change of CPU and 
perhaps some additional RAM. This is a 


Cambridge Microprocessor 
Systems’ 6809 second 
processor board. 


used as colour VDUs. Its action as an I/O 
processor is far from limited to just an 
excellent graphics and text display. It can 
handle discs, a sound generator, an A to D 
converter, a speech synthesiser, a parallel 
port, a serial port, a cassette system and a 
local area network for any other computer 
that is connected to it. If you include 
electronics housed in other boxes then the 
list can be increased to include a Teletext 
and Prestel Interface. With such a range of 
possible I/O devices and operations it is 
amazing that the BBC Micro can be 
bothered to run a BASIC program at all! 


Tubes of communication 


Now that the idea of adding a second pro- 
cessor to the BBC Micro seems like an 
excellent one, the problem of exactly how 
to do it remains. Obviously we could go 
back to the original idea of using a serial 
interface. This would turn the BBC Micro 
into the equivalent of the VDU and as long 
as the data that was passed to and from 
the second processor was limited to small 
amounts of text and graphics commands 
this works well. If you increase the data 
flow to include data files then the weak- 
ness of the serial interface becomes 
obvious. The speed gained from using a 
second processor would be completely 
wasted if communication between it and 
the I/O processor were slow. The trouble is 
that the form of the interface between the 
two components of the system has to be 
very fast but it also has to be very simple to 
keep the component, count and hence 
cost, of the second processor low. 

The most obvious method of passing 
data at speed between two computers is a 
parallel interface but there are a variety of 
design features that can be incorporated 
into a simple parallel interface that can be 
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volved in the design and use of second processor for the BBC micro. 


critical to the overall performance. The 
BBC Micro has three possible connection 
points for inter-processor communication 
- the user port, the 1MHz bus and the 
Tube. Of the three only the Tube is 
intended for second processor connection 
but there is not reason in principle why the 
other two should not include other pro- 
cessors among the list of equipment that 
they can be used to interface. Only the 
Tube however has any hope of realising a 
high data transfer rate because it is a direct 
connection to the full speed (2MHz) system 
bus. 


Back-to-back PIA’s and 
Acorn’s Tube ULA 


From the BBC Micro’s point of view the 
Tube consists of 32 memory locations be- 
tween FEEEO and FFOO. It is not difficult to 
see that with the right hardware this area 
could be used to transfer data to and from 
another micro using very simple software. 
The most obvious hardware arrangement 
is to use a pair of PIA’s or VIA’s connected 
back to back (see Figure 1). This pro- 
vides two uni-directional parallel ports, one 
from the BBC Micro to the second pro- 
cessor and one from the second processor 
to the BBC Micro. One advantage of using 


Although the back-to-back PIA solution 
is suitable for interfacing non-6502 second 
processors it does have some short- 
comings. As will become apparent after 
the description of the way software is 
shared between a pair of 6502 processors 
there are good reasons for needing a 
higher performance. Of course the solution 
is a custom-designed ULA to implement a 
more sophisticated parallel interface for 
the Tube. This is exactly what Acorn have 
done and the resulting ULA gives the Tube 
an incredible (or should it be credible?) per- 
formance. The Tube ULA provides four bi- 
directional byte parallel ports and in itself 
provides roughly four times the data trans- 
fer capacity of back-to-back PIAs. Each 
port has its own flags and interrupts to con- 
trol data transfer automatically. To smooth 
out any temporary hold ups in data transfer 
there is a 24-byte FIFO (First In First Out) 
queue for use by the busiest channel 
(associated with OSWRCH, see later) and 
a number of smaller FIFO queues for the 
other less pressed channels. These 
facilities make it possible for concurrent 
processes to communicate without inter- 
fering with each other and this is obviously 
an important consideration when the 
second processor is going to be a 32-bit 
super micro! 


The quality of the CPU governs the speed of 
processing ...size of memory determines the size of 
program that can be run. 


PIAs is that they can be configured to per- 
form automatically the handshaking 
necessary to transfer data asynchro- 
nously. But even with automatic hand- 
shaking a PIA cannot achieve the transfer 
rate of 2Mbytes per second that the clock 
rate might lead you to believe. Problems 
with testing and resetting flags or servicing 
interrupts slow the transfer rate to much 
less than 1Mbyte a second. 


1/O 
PROCESSOR 
DATA BUS 


As well as considerations of perfor- 
mance a ULA can solve a number of prob- 
lems of reliability. Two machines that are 
trying to exchange data asynchronously 
can be prone to unforseen ‘race hazard’ 
conditions. A race hazard is a situation that 
arises when the state of a logic circuit 
depends critically on the time that the 
pulses arrive. A circuit that normally func- 
tions perfectly can occasionally ‘lock up’ or 


Figure 1. The most obvious hardware arrangement involves back to back PIAs. 
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even oscillate due to the occasional 
chance co-incidence of pulses. In the 
design of custom interfaces this sort of 
problem has to be completely removed 
rather than be made unlikely because the 
vast number of data transfers will cause 
the machine to crash every few hours even 
if the race hazard problem is made in- 
credibly unlikely. A second area that a 
custom interface can deal with is bus isola- 
tion. If for some reason the second proces- 
sor is powered down it is important that the 
I/O prcessor is still able to function. This 
can only be achieved by providing suffi- 
cient isolation between the two machines. 
You should by this point be able to see how 
much advanced technology has gone into 
producing Acorn’s Tube ULA an invest- 
ment that must pay off as their range of 
second processor products expands. 


Software through the 
Tube 


The hardware characteristics of a fast 
inter-processor communication channel 
are almost irrelevant to the programmer 
provided that is that it is fast, reliabke and 
supported by low level byte or block trans- 
fer software. From the software point of 
view there are two distinct situations: 


the I/O processor and the second pro- 
cessor are the same micro and there is a 
measure of interchangeability between 
them 


and 


the I/O processor and the second pro- 
cessor are different and clearly defined 
as such 


There is no doubting that the first situation 
is the more complicated and this will be 
returned to later. 

If the intercommunicating processors 
are different there is generally no confusion 
of function between them — the I/O pro- 


SECOND 
PROCESSOR 
DATA BUS 


ELECTRONICS & COMPUTING MONTHLY - 19 


HTT ee Eee 


cessor serves the second processor as 
and when it requests I/O. For example, if 
the second processor is a 6809 then the 
operating system that it runs, FLEX say, will 
be stored in the second processor’s own 
memory. As I/O requests are generated by 
applications software running under it they 
are passed across the Tube to the I/O pro- 
cessor. In the simplest case the I/O request 
is nothing more than a single character that 
is destined for the TV screen. At its most 
complex the operating system may be 


run in the second processor without know- 
ing where it is! For example, if your pro- 
gram uses any of the I/O device registers 
by way of instructions like: 


LDA &FE60 


which loads the A register from the B side 
of the user VIA then your program will only 
work if it is loaded into the I/O processor. 
The reason for its failure in the second pro- 
cessor is simply that there is no VIA at 
address &FE60 in the second processor's 


“Seeing the BBC micro as nothing more than a I/O 
processor may be a point of view that is difficult to 
accept”. 


reading or writing a fule and a disc transfer 
is involved. However it is important to 
realise that in this case the file organisation 
is the responsibility of the operating 
system in the second processor. All that it 
requests from the I/O processor is a par- 
ticular sector. From the software point of 
view, once the operating system has been 
modified to use the I/O processor the 
second processor behaves like any other 
machine of its type. 

The picture with a 6502 second proces- 
sor is not so simple. As both processors 
are the same they use the same operating 
system — the BBC MOS. It would make 
little sense to transfer a complete copy of 
the MOS into a second processor, after all 
one of the advantages of the second pro- 
cessor is its extra memory and using it up 
storing a second copy of 16K of software 
would be very wasteful. Fortunately the 
BBC's operating system is not only very 
well designed (see “The BBC MOS” in 
December 1983’s issue of E&CM) but is 
well designed with the Tube in mind. The 
fundamental I/O calls, for example, 
OSWRCH (Operating System WRite a 
CHaracter), are all vectored through RAM 
locations and so it is possible to intercept 
all such calls and replace the subroutines 
that would normally implement them by 
Tube software. That is, when OSWRCH is 
called the character is not passed to VDU 
drivers in the second processor but to VDU 
drivers in the I/O processor via the Tube. In 
this way the second processor can be 
‘fooled’ into thinking that the entire MOS is 
resident when in fact there is only a few K of 
Tube software. Acorn’s 6502 second pro- 
cessor is a triple speed (3MHz) device and 
the tube software uses only 2K of the 64K 
of RAM but it provides that,same services 
that the MOS would. Notice that as the 
screen memory etc are all part of the I/O 
processor’s memory map the full 62K of 
RAM is available for user programs! 

Another desirable feature of a second 
6502 processor is that a program that 
works in the standard BBC Micro should 
transfer to the second processor without 
modification. If you have followed Acorn’s 
recommendations about using MOS calls 
to manipulate I/O processor memory areas 
rather than direct access your program will 


memory map! However if the VIA had been 
accessed using: 


LDA #&96 OSBYTE code to read I/O 
data 

LDX #&60 Offset from start of I/O area 

JSR &FFF4 jump to OSBYTE 


and the data is returned in the X register 


then the program would run in either pro- 
cessor because it would call the approp- 
riate version of OSBYTE depending on 
which side of the Tube it was on. If you 
always use OSBYTE calls to manipulate 
fixed I/O processor addresses then your 
programs can take advantage of the 
increased speed and larger memory of the 
second processor without altering a single 
instruction. 


Some real second 
processors 


To bring this brief introductory look at 
second processors for the BBC Micro to a 
close it is worth giving a list of currently 
available and soon to be available pro- 
ducts. Each of these products will be 
reviewed in detail over the next few months. ° 


Atom!) and can be rack mounted with addi- 
tional interface cards. It is ideal as a 
development system since a stand alone 
single board 6809 is also available to run 
production software. Price — £249 for the 
second processor plus £10 for an interface 
cable plus £130 for FLEX. 

6502 - Acorn’s own 3MHz 64K RAM 
6502 is to go on sale in April and (of course) 
uses a Tube ULA interface. It is fast, reli- 
able and compatible with existing 
software. Price — £195.50. 

Z80 — There is a choice of three 280 
second processors: Acorn’s own will 
become available in May. Once again it will 
use the Tube ULA. Price — between £300 
and £400. 

Torch are the manufacturers of perhaps 
the best known Z80 second processor in 
the form of the Torch 280 disc pack. This 
consists of a 64K Z80A processor in the 
same box as a pair of disc drives. The disc 
drives are connected to the BBC Micro and 
can be used directly by the BBC Micro's 
DFS (Disc Filing System) or via CPN, 
Torch’s own version of CP/M. Price — £730. 

The final Z80 second processor is from 
Watford Electronics who are building up 
quite a reputation for enhancing the BBC 
Micro. This is slightly different from the 
other second processors in that it includes 


“Watford’s 2nd processor 
includes a disc controller 
chip”. 


its own disc controller chip and therefore 
doesn't make use of the BBC Micro as a 
disc controller. However the disc controller 
is double density and will provide twice the 
BBC Micro’s normal storage capacity if 
double density drives are used. It is also 
different in that it uses the 1MHz bus rather 
than the Tube for inter-processor com- 
munication but as there is no need to trans- 
fer disc data between the two machines 
the 1MHz bus is more than fast enough for 


“The hardware characteristics of fast interprocessor 
communication are almost irrelevant to the 
programmer”. 


6809 — the 6809 is my favourite proces- 
sor (apart from the 68000, that is!) and the 
second processor card from Cambridge 
Microprocessor Systems (11 St. Margarets 
Road, Girton, Cambridge CB3 OLT. Tel: 
(0223) 276791) provides not only a 6809 
with 64K of RAM but also my favourite 
operating system — FLEX. The Tube inter- 
face is by a pair of back-to-back VIA’s and 
custom written software. Once booted up 
the BBC Micro’s discs will read and write 
standard FLEX format discs (a special 
utility program will read and write BBC-for- 
mat discs under FLEX). The card is small 
enough to fit inside the BBC Micro’s case. 
It also has a standard Acorn bus interface 
(if you remember, it was with this bus that 
Acorn started back in the days before the 
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the amounts of data involved. The Watford 
unit also uses CP/M proper and can handle 
3%", 5%" and 8" floppy discs. It is 
packaged as a separate unit in a half height 
floppy disc drive case. Price — £399. 


Thanks are due to Acorn, Cambridge 
Microprocessor Systems, Torch and Wat- 
ford Electronics for much help and inform- 
ation. 


Next month: Mike James takes a 
more detailed look at some of 
the second processors men- 
tioned here. 
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The ultimate 


speech synthesiser 


The speech synthesiser featured in this 
article can be connected to any computer 
which has the capability to drive a printer 
with a parallel centronics interface. This 
facility is found on many home computers 
including the following - BBC Models A 
and B, Acorn Atom, Oric-1, RML 380Z, 
Tandy machines, Dragon 32, Memotech 
MTX500 and MTX512 and the Sharp 
MZ700. However, this article concentrates 
on only two of these machines — the Dragon 
32 and the BBC. 


e 
The speech chip 
The synthesiser described is based around 
the General Instruments SPO256-AL2 
Allophone Speech Synthesis integrated 
circuit which incorporates the following 
functions:- 


Figure 1. The system's block diagram. 


1. A programmable digital filter which 
simulates the human voice tract giv- 
ing “natural” sounding speech. 

2, A 16K ROM which contains the data 
including volume, pitch and duration 
for the 64 allophones (sounds) which 
can be produced by the chip. 

3. Amicro controller which controls the 
flow of speech data to the filter and 
the linking of allophones together to 
form words and phrases. 


A sophisticated speech synthesiser that 
can be used with any computer featuring a 
centronics interface. The circuit also 
ibis four levels of inflection. Design 


y Russell Vowles*. 


4. A pulse width modulator which 
creates a digital output which can 
then be filtered to give an analogue 
output used to drive an audio 
amplifier. 


Centronics interface 


The centronics interface provided with the 


host computer provides 8 data lines, a 
strobe output (which tells the device con- 
nected when there is data ready on the 
data lines) and an acknowledge input 
which is taken to OV when the device is 
ready to receive new data. 


s e e s 
Circuit description 
The circuit consists of 6 basic stages as 
shown in Figure 1. The 8 bit data bus, 
strobe line and the acknowledge line are 
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provided by the host computer and the 
connection of these to the synthesiser from 
the Dragon 32 and the BBC is shown in the 
circuit diagram (Figure 2} and in the con- 
nection diagrams (Figures 3 and 4). 

Valid data is only present at the cen- 
tronics interface for a short amount of time 
and so this data has to be “captured” by 
the circuit so that the data is available when 


the strobe line is pulsed to OV and at this | 
instant the 8 bit data latch IC1 “captures” . 
the data present on these lines which then 
becomes available on the outputs of IC1 | 
(Q0-Q7). Six of these outputs are used asa 
6 bit address for the speech chip IC3 and 
select which allophone is to be spoken. 


The remaining outputs Q6 and Q7 are used » 
to control the frequency of the clock | 
generator [C2 and hence the tone of ; 
speech, allowing inflection to be put into | 
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Figure 2. Full circuit diagram of the speech synthesiser. 


words. This is achieved by using a 2 bit 
digital to analogue converter consisting of 
resistors R1, R2, RV1 and R3. Potentio- 
meter RV1 is used to set the depth of 
inflection and capacitor C1 is used to pre- 
vent rapid changes in clock frequency 
which could result in poorer speech 
quality. 

The clock generator is based around IC2 
which is a voltage controlled oscillator 
whose frequency is determined by 
capacitor C2, the voltage on its range input 
(Pin 3) and the voltage on its frequency 
control input (Pin 2). The voltage on Pin 3 is 
used to vary the basic tone of speech, and 
this is derived using RV2 as a potential 
divider. The voltage on Pin 2 comes from 
the digital to analogue converter and con- 
trols inflection as described above. The 
output of IC2 is taken from Pin 7 and is a 
square wave of a frequency around 
3.1MHz which is fed to Pin 27 of IC3. 

The speech chip IC3 is a very compli- 
cated device. However, it is relatively 
simple to use, only requiring a few control 
lines to make it “speak”. 

After data has been latched into IC1 the 
strobe line returns to 5V. This signal is 
inverted by Q1, R4 and R5 causing Pin 20 
of IC3 to go to OV. Pin 20 is the ADDRESS 
LOAD input of the speech chip and when 
taken to OV it causes IC3 to load the 
address held by the 8 bit latch into the 
chip's internal address register. This also 


triggers the pe eroe of a speech output 
and the L output (Pin 9 of 
1C3) changes to +5V until the speech out- 


RESET inputs of IC3 to go to OV at switch 
on, clearing the speech chip’s internal 
registers. 

The digital speech output is available at 
Pin 24 of IC3. This digital output is filtered 
by the low pass filter consisting of R7, C4, 
R8 and C5, producing a signal at the 
volume control RV3 which is ready for 
amplification. 

The audio amplifier is based around IC4 
which is an LM386. This device can oper- 
ate down to a voltage of 4V and can directly 
drive an 8 ohm speaker. Capacitor C6 is 
used to prevent any direct current reaching 
the amplifier. Capacitors C7 and C9 and 
Resistor R9 add stability to the circuit while 
Capacitor C8 sets the amplifier’s gain at 
around 200 times. 

Capacitors C11-C14 decouple and 
smooth the power supply, stopping any 
interference with the host computer. 


Allophones 


The speech synthesis integrated circuit 
used can reproduce 64 different sounds or 
allophones (and in this circuit four levels of 
inflection are availabie). The circuit allows 
the user to synthesise any English word by 
contatenating individual speech sounds. 
Other methods of speech synthesis 
allow the user to use only pre-defined 
words. These methods are really only 
refinements of digital recording and require 
vast amounts of memory. These methods 
are costly and not very versatile, but do 
have the advantage of marginally better 


ue, by adopting a Centronics interface the design is 
compatible with many machines...” 


put ceases. While LRQ is at +5V the com- 


speech quality compared to the Allophone 


puter’s acknowledge input is held at +5V | system which is inexpensive and has an 
causing it to wait until speech has stopped | unlimited vocabulary. 


before more data is sent to the synthesiser. 


Resistor R6 and capacitor C3 cause the | of _ their 
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A list of allophones and examples 
use was shown in_ last 


FEATURE 


month’s E&CM and it can be 
noticed that there is not a direct match be- 
tween letters of the alphabet and the 
allophone sounds. This means that to pro- 
duce words they must first be broken down 
into sounds. For example the word 
“HELLO” consists of the sounds — HH, EH, 
LL, OH, which are represented as HH1, EH, 
LL and AW using the allophone set. 


Internal view of the synthesiser. 


Some experimentation is required to 
make the word sound as realistic as possi- 
ble as a speech sound changes depending 
on whether it occurs at the beginning of a 
word, next to a vowel, or at the end of a 
word. Therefore, the allophone set pro- 
vides different versions of some sounds, 
eg HH1 and HH2, KK1 and KK2. Varying 
the pitch (adding inflection) of the sounds 
in a word also makes the words sound less 
monotonous and more realistic and the cir- 
cuit caters for four levels of inflection. 


Next month we present full con- 
struction details and information 
about the complete kit of parts to 
be sold by LB Electronics. 
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REVIEW 


By installing two Microdrives into an 8/32- 
bit computer with a full-travel keyboard, 
multi-tasking operating system, and 
including four very sophisticated software 
packages, Sinclair has swept aside all 
competitors and slashed the price of a 
functional business computer from £1200 
to £400. The BBC micro has now been 
declared officially obsolete and the IBM PC 
Junior an expensive executive toy. So 
much for the superlatives: what of the 
facts? Let’s take a look at the guts of the 
machine. 


Hardware 


This is a paper review, in that no machines. 
have yet been distributed to the press; 
however, we do have complete specifica- 
tions of both hardware and software, as 
well as a very hefty manual (marked PRO- 
VISIONAL throughout). 

The QL is packaged in the manner of 
previous computers from the Sinclair 
stable: small and black (but not too small). 
Dimensions are 138 x 46 x 472mm. The 
keyboard is of professional quality, with 65 
sculptured, bucket shaped keys, including 
5 function keys, 4 cursor control keys, 
and a full-length spacebar. To the left of the 
keyboard are the two Microdrives, each 
with a minimum capacity of 100 Kbytes 
and average access time of 3.5 seconds (ie 
slightly better specs. than the Spectrum 
version, with which these are incompat- 
ible). Spectrum cartridges can be re- 
formatted to work on the QL drives. 

The development of the Microdrive must 
have been the key to manufacturing such a 
cheap business system. With neither the 
speed or the memory capacity of discs, 
they are at this level an efficient and 
economic option. Using the Microdrive 
expansion slot on the QL up to six drives 
can be stacked externally — giving 800K 
maximum storage. Any program running 
over 100K can be switched from one drive 
to the next. 

The QL has 128K of RAM, expandable 
externally to 640K. 32K of RAM is dedi- 
cated to the screen bit map when using hi- 
res graphics. The ROM, in which is held 
Sinclair SuperBASIC and the QDOS 
operating system, has a capacity of 32K, 
expandable via cartridges to 64K. 

Travelling further into the depths of the 
machine, we find two processors. The 
CPU is a Motorola 68008, with an 8-bit 
data bus and 32-bit internal architecture 
(see box for further details) and capable of 
addressing 1Mbyte of memory. A second 
processor, an Intel 8049, controls the 
keyboard, generates sound, and acts as 
the RS232C receiver. Two Sinclair 
designed semi-custom chips control 


Above, the Sinclair QL rr a ar liad 
forthcoming 0.5Mbyte RAM pack. Left, 
inserting a Microdrive cartridge into the QL. 


Atoms, Electrons and Spectrums: all have 


co zx 


been upstaged by a Quantum Leap. The 
jargon of physics has finally leant itself to 
the accurate descriptions of a computer: 
the Sinclair QL is one unit of magnitude 
beyond its predecessors. 


memory, and Microdrives, real-time clock, 
LAN, and RS232C transmission. 


Sound and vision 


Information on sound is strictly limited: we 
can only hope that lightening doesn’t strike 
twice (reference the mute Spectrum). All 
we do know is that ‘sound is generated 
according to a series of preset sound types 
specified by parameters to the system’. 
Examination of the BEEP command how- 
ever reveals considerable versatility, with 
control of duration, pitch, fuzz, rate and 
‘wrap’(?). 
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The character display is 85 x 25, witha 
choice of character sets available; the 
number of characters per line can be 
reduced for TVs with poor resolution. Two 
graphics modes are available: Hi-res, in 4- 
colour with 512 x 256 resolution; and Lo- 
res, with 8-colour 256 x 256 resolution. 


More colours can be obtained by used a 
Stipling effect. 32K of RAM is occupied by § 


the Hi-res graphics. 


Expansion 


Everything is there except a Centronics 
interface — an omission Sinclair may come 2 
to regret. Oh, and there isn’t a cassette | 
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QL: breaking the 
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ee 


socket — but who needs it with two Micro- 


drives! 

Starting from left to right, we first see two 
phono sockets marked NET. A Local Area 
Network (needless to say this one is called 
QLAN) is now seen as a necessity in any 
serious computer, and especially one that 
wants to win the BBC contract. QLAN is 
capable of linking up to 64 QLs or Spec- 
trums in a 100Kbaud network. Next is the 
power socket, then, a DIN type RGB 
socket which connects to mono or colour 
monitors (four grey scales are available in 
mono). There are two RS232 sockets; one 
presumes that the first is intended for use 
with a printer, the other with a modem. 
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Both are very versatile, with a choice of 
baud rates between the ranges of 75 and 
19,200, or transmit/receive in full duplex at 
7 rates up to 9,600 baud. Sinclair say that a 
parallel interface (Centronics no doubt) will 
be available in the future. 

The QL may be intended first and 
foremost as a business machine, but the 
joystick ports have not been left out. There 
are two BT600 series sockets for joysticks 
to be used in either games, cursor control, 
or graphics. The final slot at the back of the 
machine accepts ROM cartridges; doubt- 
less the design is identical to that of Inter- 
face 2 on the Spectrum, and the cartridges 
themselves appear to be of the same 
format. 

To the right of the machine (from the 
back) is the main expansion slot, the major 
purpose of which will be to connect up the 
handsome 0.5Mbyte RAM board, which 
has already been developed. 

What of future expansion? The 68008’s 
iMbyte linear address capability means 
that the potential will be almost unlimited. 
Sinclair are already developing, or intend 
to develop, a number of enhancements, 


REVIEW 


program scrolled in any four directions, 
independently within its window. 

QDOS has fully device independent 
input/output. A program can be written 
without reference to the type of device to 
be used, which can be specified when the 
program is run; and the QL can sense the 
type of peripheral devices connected to its 


“Super BASIC puts right all those things which are 
wrong with BASIC”, 


including the 0.5Mbyte memory board, a 
Pascal compiler, 68000 assembler, termi- 
nal emulator, A/D interface, Winchester 
interface, modem, parallel printer interface 
with multi-channel sound generator, and 
IEEE-488 interface. Bets are now open as 
to how many of these projects E&CM gets 
out before Sinclair! 


e 

Operating system 

With characteristic Sinclair modesty, this is 
called QDOS. QDOS is a multi-tasking, 
single-user operating system which uses 
SuperBASIC (see below) as its command 
language. Again information is scarce: the 
section on QDOS in the manual is not yet 
complete. According to Sinclair, ‘No exist- 
ing operating system was remotely cap- 
able of capitalising on the full power of the 
32-bit processor (Microsoft et al may have 
something to say about that) and that 
‘QDOS sets a new standard in operating 
systems for the 68000 family’. 

Obviously multi-tasking is the most sig- 
nificant feature of QDOS. At the demonst- 
ration held when QL was launched, we saw 
an impressive display in which some four 
programs were run simultaneously in four 
windows, each coloured differently. 
Sinclair claim that up to 10 programs can 
be run simultaneoulsy on the screen, each 


expansion port and organise their input/ 
output. 


SuperBASIC 


‘Puts right all those things which are wrong 
with BASIC’, according to Clive. A more 
detailed study of the manual following the 
press launch reveals that this is not such a 
far fetched statement. SuperBASIC adopts 
the structures and strategies of higher level 
languages such as BCPL and C. 

The most notable aspect of the language 
is that it has taken the best parts of Spec- 
trum BASIC and improved and enhanced 
them. Spectrum BASIC is an individual lan- 
guage, with some serious drawbacks but 
widely acclaimed for, for example, its 
string handling capabilities. The main dis- 
advantage was of course its speed, or lack 
of it. SuperBASIC, as mentioned above, is 
used as the command language for QDOS, 
and this would imply that it is no slow- 
coach. One should expect nothing less 
from a language running on a 68000 based 
machine, but the final verdict must wait 
until full bench testing. 

A few examples will suffice to illustrate 
the improvements that Sinclair has made. 
Number one: no more GOTO and GOSUB 
statements. GOTO is still supported by the 
language for compatibility with other 
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BASICs, however, the control structures 
available in SuperBASIC make the state- 
ment redundant. Looping in SuperBASIC 
is controlled by two basic program con- 
structs: REPEAT/END REPEAT, and FOR/ 
END FOR. These are used in conjunction 
with NEXT and EXIT. Processing a NEXT 
statement will either pass control to the 
statement following the appropriate FOR 
or REPeat statement, or if a FOR range has 
been exhausted to the statement following 
the NEXT. 

Processing an EXIT will pass control to 
the statement after the END FOR or END 
REPeat selected by the identifier after the 
EXIT keyword. If an EXIT is used in a loop 
the loop must be terminated by END FOR 
or END REPeat. EXIT can be used to exit 
through many levels of nested repeat 
structures. 

Another very useful command is SELect, 
which allows various courses of action to 
be taken depending on the value of a vari- 
able. The SELect variable is the last item on 
the logical line. Progressive statements are 
terminated by the next ON statement or by 
END SELect. Below is a sample program 
for the diagnosis of filing errors which illus- 
trates the use of the SELect statement: 


Software 


Sinclair is onto a winner with an excellent 
suite of four software packs. It could be 
argued that the software itself is worth the 


Listing: The SELect statement. 


£399 price tag (in which it is included). 
The four programs were designed by 
Psion Ltd., and full advantage is taken of 
the machine’s capabilities. Included is QL 
Quill, a word processor; QL Abacus, a 
spreadsheet; QL Archive, a database; and 
QL Easel, a graphics package. Each pro- 
gram is completely interactive: the results 
of commands are displayed instantly — 
what is seen on the screen is what will be 
dumped to the printer. A series of prompts 
is displayed in the control area at the top of 
the screen, and each pack is equipped with 
a HELP function. The programs are con- 
sistent in design and presentation so itis a 
simple matter to learn one and then 
another. All use colour, have a complete 
menu of options, use no complex equa- 
tions, and the real beauty: data can be 


: transferred from one to another. 


A demonstration was given of the Quill, 
and this package proved to be superior to 
many common business word processors, 
Wordstar to name but one. Few editing 
functions required the depression of more 
than one or two keys. Justification, mar- 
gins, tabulation and insertion were 
immediate. Instructions could be obtained 
from the control window as to the opera- 
tion of every aspect of the system: no 
constant recourse to the manual was 
necessary. Brief demonstrations of the 
other packages seemed to point to equal 
‘user friendliness’ (disgusting expression). 
These three will not perhaps prove as use- 
ful to many as Quill, but will no doubt be a 
boon to many small businessmen who 
cannot afford £1500-2000 for what used to 
pass as a low-cost system. 


Last word 


Sinclair have opened a whole new market 
for computers by marketing the QL at such 
a low price. It will be an ideal machine for 
Estate Agents, shopkeepers, colleges, 
schools, hobbyists and who knows who 
else. This review can in no way be con- 
clusive without a hands-on test of the 
machine. A full benchtest will appear in the 
next issue of E&CM, and we can expect to 
see a few niggling complaints, but hope- 
fully no howlers by the Sinclair design 
team. . 


rae 


For full information contact Phil Taylor at: 


,. SINGLE BOARD 6809 2nd PROCESSOR 
a FOR THE BBC MICRO. 


PROVIDES A LOW-COST DEVELOPMENT 
SYSTEM FOR INDUSTRIAL APPLICATIONS. 
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Sits inside the BBC or plugs into an extension rack 
Enables standard Flex format Discs to run on BBC 
Supports High Level Language Compilers 

Cross Assemblers and Disassemblers for most micros 
Connects directly on to the tube 

64k DRAM on board 

Two 28 pin byte wide memory sockets 

Acorn Bus compatible DIN 41612 Bus interface 

Also available as a single board controller © 


11 St Margarets Road 
Girton, i 
(0223) 276791 


Cambridge CB3 OLT | Microprocessor 


Cambridge 


Systems Limited 
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REVIEW 


BCPL stands for Basic Combined Pro- 
gramming Language, and was developed 
by Martin Richards at Cambridge Univer- 
sity in the late 60's. He was involved in the 
earlier CPL development, along with a few 
people from London University, but this 
project became too complicated, until 
eventually red tape and rivalry ended it. 
BCPL is specifically meant to be a simple 
but versatile language, ideal for writing 
compilers, interpreters and similar utilities. 
To this end, the BCPL compiler, the original 
BBC Basic, and the soan to be released 
Acornsoft version of LOGO are all written in 
BCPL. 

Despite its obvious applications in this 
area, BCPL is also an exceptional learning 
language, being very easy to read and 
learn, and intrinsically well structured. In 
fact the better parts of BBC Basic such as 
procedures, indirection operators and 
repeat-until loops all come from BCPL. It 
hasn't caught on amongst the general pub- 
lic quite as much as it might mainly 
because some Americans, who at the time 
controlled the computer market com- 
pletely, decided to alter it and call it C. This 
language is very well known, principally 
because it has nearly all of BCPL’s virtues, 
and the Unix operating system is written in 
it. The might of America, or more specifi- 
cally that of AT & T, the developers of Unix, 
ensured that Unix became very big very 
soon, hence C has overtaken BCPL. This is 
unfortunate, because a lot of programmers 
prefer the latter. 

The Tripos operating system, written in 
BCPL, is far superior to Unix, but the 
developers just haven’t got the sheer com- 
mercial weight required to market it 
properly. It is rumoured that Acornsoft’s 
16032 second processor will be supplied 
with Tripos. 

The final word on this point goes to the 
authors of C:- “Many of the most important 
ideas of C stem from the older, but still 
quite vital, language BCPL . . . that 
language anticipated the vogue for struc- 
tured programming by several years”. 

Acornsoft supply BCPL as a 16K ROM, 
along with a disc containing various utilities 
and a 450 page manual. The whole lot 
costs £99.65, and was supplied to 
Acornsoft by Richards Computer Products 
(RCP), owned by the brother of Martin 
Richards. The BBC implementation is very 
much disc-centered, and although it is 
possible to program in BCPL with only a 
cassette interface, this is definitely not 
recommended, and anyway Acornsoft 
refuse to supply a cassette version of the 
software. RCP probably will though. 

The disc contains some essential pro- 
gramming aids, including the compiler, so 
tape-only users are advised to remember 
that the BCPL system will be virtually use- 
less to them unless RCP or someone else 
comes to their aid. With the BCPL ROM in 
one of the BBC's sideways ROM sockets, 
typing “BCPL will invoke the language. A‘!’ 
prompt appears and certain built-in com- 
mands can be used, such as STORE, 
which tells you how the memory is 


BCPL 


ON THE 


BBC MICRO 


BCPL has been available from Acornsoft 
for two months, but few people appear to 
appreciate its potential as a systems 
oe language. Adam Denning 
as set out to change this state of affairs. 


ACORNS@FT LANGUAGES 


BCPL 


forthe BBC Mic, FOCOMputEr Model 8 


“BCPL offers much more 
than even BBC BASIC... 
if you can afford £99.65”. 


organised, or SHUFFLE, which tidies up 


the store. 
BCPL is especially notable for it’s lack of 
types. While languages like Basic have 
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integer variables, string variables, real vari- 
ables, arrays and so on, BCPL simply has 
one data type — the word. With this word 
one can create vectors, which are equiva- 
lent to one-dimensional arrays, and that is 
it. Although this seems incredibly limited, it 
actually increases both the versatility and 
the simplicity of the language, as the user 
can make these words represent any con- 
ceptual data structure required. To quote 
Richards, “It might be, for instance, a time 
in milliseconds, a weight in grams, a func- 
tion to transform feet per second into miles 
per hour, or it might be a data structure 
representing an employee record”. In fact, 
the programmer has total control over 
what his data represents, and so he has to 
weigh the versatility in this against the 
responsivity. 

The aforementioned vector is simply a 
consecutive group of words, the first ele- 
ment of which is pointed to by a variable. 


Using the ! indirection operator, any of : 


these words can be accessed: 
pointer!number := another number 


this places the value ‘another number’ in | 
element ‘number’ of the vector pointed to = 
by ‘pointer’. BCPL vectors unlike most: 
Basic arrays start at element zero, so a)’ 
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GET "LIBHDR" 


//Version 1.3 A Denning 1/1/84 PROGRAM LISTING 


LET START () BE 
#( LET item,file,hard 
LET invec=VEC 7 
LET echo = FINDINPUT("/C0") 
* LET noecho = FINDINFUT("/K") 
again: 
MODE (7) 
FOR I = 6 TO 1 DO 
WRITES ("*X8D#X9D*X81SPOOLED FILE READER (C) 1983 AD#N") 
WRITES ("*#N#N*#XOSFile name: *X87") 
SELECTINFUT (echo) 
UNLESS RDITEM(invec,7) = 1 DO STOP(O) 
RDCH () 
file := FINDINPUT (invec) 
UNLESS file DO 
#( WRITES("#N This file does not exist. Please press a* 
* key to start again. *N") 
SELECTINFUT (noecho) 
RDCH() ; GOTO again 
#) 
WRITES ("*XB86Doa you want Paged Mode?*xX87") 
SELECTINFPUT (noecho) 
item := CAPCH(RDCH()) ='Y’ -> TRUE,FALSE 
WRITES ("*#N#X85Do you want hard copy?*XB7") 
hard := CAPCH(RDCH()) =‘Y' -—> TRUE,FALSE 
UNLESS MODE (3) DO STOP(15) 
IF item THEN WRCH(14) 
IF hard THEN WRCH(2) 
SELECTINFUT (file) 
item := RDBIN () & £X7F 
UNTIL item = ENDSTREAMCH DO 
#( IF (item 3= 32 & item NE 127) | item='*#N' THEN WRCH(item) 
item := RDBIN () : 
UNLESS item = ENDSTREAMCH DO item := item & £X7F 
¥) 
ENDREAD () 
WRCH (3) 
WRITES ("*#N#*#NPRESS A KEY WHEN READY") 
SELECT INFUT (noecho) 
WHILE TESTFLAGS (CONSOLE.KEY) DD RDCH() 
g) RDCH () : STOP(O) 


declaration such as: 
LET vec1 = VEC 4 


‘will create a vector of five words, from 


vec1!0 to vec1!4. 

On the BBC implementation, each BCPL 
word is 16 bits long, so there is no reason 
why the value contained in a word should 
not be considered as a 6502 address. Of 
course, such a consideration will only be 
valid if this is what the programmer 
intends. Also, as 16 bits is two bytes, it is 
obvious that each word can hold two ASCII 
characters. Indeed this is how strings are 
held in BCPL, so that a declaration such as: 


LET string = “this is a string” 


will create a vector pointed to by ‘string’, 
and each word of this vector will contain 
two consecutive characters of “this is a 
string”. The first byte of the first word of a 
vector containing a string holds a number 
corresponding to the length of the string, 
so that, as in BBC Basic, no string can be 
over 255 characters long. When BCPL was 
first introduced, the compiler did not 
initialise strings in this way, and a pro- 
cedure called PACKSTRING had to be 
used to move two characters into every 
word. The procedure UNPACKSTRING did 
the converse, and procedures GETBYTE 
and PUTBYTE were used to manipulate a 
packed string. Since then, the byte indirec- 
tion operator, %, has been introduced, 
where 


4 


string%number 


points to the number (n'th) byte in the vec- 
tor. This means that 


stringY%number + 256 * 
string%(number+1) 


and 
string!(number/2) 


are equivalent, (if, of Course, number is 
even), and 


string%O 


is the length of the string if ‘string’ is a valid 
string. 

BCPL has a whole host of standard pro- 
cedures provided with it, most of these in 
the ROM. In order for a program to use 
these procedures, it must know where they 
are in the ROM, and this is where the 
Global Vector comes in. This is a large vec- 
tor that all programs have access to, anda 
header file is included in the BCPL source 
code which declares a particular pro- 
cedure as being GLOBAL n. Then, 
whenever that particular procedure is 
called, the program gets its address in the 
ROM from the n’th element of the global 
vector. Thus, communication between 
programs and sections of programs is 
made very easy. The programmer can 
declare some or all of his procedures or 
variables to be global, so that other parts of 
his program can access these easily. 

One of BCPL’s strongest points is the 
capability for input and output (I/O), with 
numerous procedures to open streams on 
all filing systems, including one special one 
of its own, called the Store Filing System. A 
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store file is treated identically to any other 
file, except that it is stored in the com- 
puter’s memory along with the program. 
As a store file can be a program in its own 
right, this makes BCPL all the more power- 
ful, as one can have a number of programs 
in memory all at the same time, any one of 
them being invoked whenever the user 
wishes. 

Each file, when opened, is associated 
with a particular stream, so that common 
procedures can handle all sorts of I/O, 
rather than having particular procedures to 
deal with the keyboard, others to handle 
the disc, and so on. This is all done by small 
vectors called stream contro! blocks, 
which contain all the information for a par- 
ticular open stream, such as the addresses 
of its get, put and close routines, its 
filename, and its operating system handle 
if it is a current filing system file. 

So enhanced is the operating system 
under BCPL that the user immediately 
feels that he is using a real computer, and 
in fact a comparison with CP/M is very 
likely to severely embarrass Digital 
Research. Although most systems pro- 
gramming languages, including BCPL, are 
designed to be as portable as possible so 
that source code on one machine can be 
compiled on another with very little 
change, there are aspects of the BBC 
Micro that it would be foolish not to sup- 
port, such as the VDU drivers, the sound, 
and the myriad interfaces. Acornsoft BCPL 
therefore provides procedures to handle all 


these, the VDU and sound procedures 
having identical syntax to their Basic 
counterparts, so. that conversion from one 
language to the other is a simple process. 

Having such advanced facilities is all 
very well, but how is a newcomer going to 
learn how to use it? The 450 page User 
Guide supplied with the system is 
uniformly excellent, but it does assume 
that you are familiar with the language. 
Beginners are strongly advised to buy the 
only good book on the language, BCPL — 
The Language And Its Compiler by Martin 
Richards and Colin Whitby-Strevens, pub- 
lished by the Cambridge University Press 
for £4.95. It is very readable, and an excel- 
lent introduction to the language. 
Acornsoft themselves are due to publish 
two books: a beginner’s guide due out any 
time now, and an advanced guide, which | 
have just started writing. 

Some programmers may feel that it is 
necessary to use floating point, and so 
RCP have released a floating point 
package, available either through them or 
Acornsoft for just under £20.00. With this 
package one has access to numbers of the 
same order that BBC Basic can handle, as 
well as some fast integer procedures, ideal 
for graphics. A very nice demonstration is 
provided with the package. 

Further extensions are also available: a 
direct access package, containing seven 
procedures that allow the user access to 
any point in a disc file in a variety of ways. | 
can vouch for the quality of these pro- 


cedures — | wrote them! There is also a 
stand-alone generator which allows con- 
version of BCPL programs into code that 
will run on any BBC Micro, regardless of 
whether it has a BCPL ROM installed. 

As BCPL is a compiled language, pro- 
grams are in the order of five times faster 
than their Basic counterparts, and the 
aforementioned global vector allows the 
creation of extremely large programs in a 
number of sections, joining them all 
together at the end. BBC BCPL is not truly 
compiled, as the ROM contains a 
CINTCODE interpreter, which runs the 
code that the compiler compiles into a very 
compact INTerpretive CODE, to allow 
large programs to fit into the machine. This 
intermediate stage does not slow the code 
down overmuch; a typical CINTCODE 
program is about half as fast as Acornsoft 
FORTH. 

In conclusion, BCPL offers much more 
than even BBC Basic, and if you can afford : 
£99.65 then this is a very useful place in 
which to spend it — BCPL has been 
described as the ideal hackers’ language, 
as it can be as high level or as low level as 
you wish. For those that want that extra 
intimacy, there is also a fine assembler pro- 
vided that allows the programmer to incor- 
porate sections of 6502 machine code in 
BCPL programs as though they were actu- 
ally written in BCPL. To aid in writing the 
programs, an excellent screen editor is 
provided, which also doubles as a very ver- 
satile word processor. 
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List the boards required and add 45p post and packing 
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Last month Mark 
Stewart described 
the construction of a 
low cost speech 
synthesiser for the 
BBC micro. This — 
month we publish 
the component 
overlay diagram to 
complete the 
project. 


The magenta BBC speech synthesiser. 


As explained last month, using the General 
Instruments allophone IC, the SPO256- 
AL2, this circuit allows two different modes 
of operation. In “direct” mode the com- 
puter controls the speech synthesiser IC 
directly, allowing total software control of 
individual allophones, which may be strung 
together to produce the required speech. 
In the second mode the computer selects a 
word or phrase from an on-board EPROM; 
64 phrases, each up to 32 allophones long 
can be stored.in a single 2716 2K EPROM. 


TO BBC PORT CONNECTOR 
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Alternative connections allow the format to 
be changed so that 32 phrases of 64 
allophones, or 16 phrases of 128 
allophones can be used. 

It is also possible to use a 2732 4K 
EPROM and select between 2 banks of 2K 
using an on board switch. Switching be- 
tween the two modes is done in software, 
so that a program can mix “standard 
phrases” from the EPROM with direct 
software controlled words. 


SEEN FROM 
UNDERSIDE 


SPEAKER 


A complete kit of 


parts for this 
roject is available 


their advert in this 
issue. 
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SPECTRUM TAF 


Two tape recorders can be used at the same time using this 
Spectrum cassette controller designed by Robert Pen 


The Sinclair ZX Spectrum has what is in 
certain respects one of the better cassette 
interfaces, giving reasonably fast saving 
and loading without compromising relia- 
bility. Its two principle drawbacks are a 
lack of any motor control and the fact that 
with most recorders it is necessary to keep 
connecting and disconnecting the “ear” 
and “mic” leads, since the interface will not 
operate properly while both are con- 
nected. This tape controller overcomes 


Figure 1. Block diagram of the dual tape-control. 


ables the Spectrum to be used with two 
recorders. Although primarily intended for 
use with dual cassette set-up, the unit can 
also be of benefit when using a single 
recorder. 

The purpose of the controller is to allow 
two tape recorders to be used at the same 
time; normally with one used for all READ 
operations and the other for all WRITE 
operations. Full motor control is provided 
under program control. The unit is of 
greatest use with data files where an exist- 
ing file can be read in from one recorder, 
updated as required, and then recorded 
onto a fresh tape in the second recorder. 
By using this method a database can con- 
veniently be recorded in sections, and 
therefore the total size of the records is not 
limited by the amount of RAM available. It 
does mean however, that the entire 
database cannot be sorted or searched in 
one go. A second advantage of a dual cas- 
sette system is that it eliminates a lot of 
cassette changing and rewinding, which 
can be irksome, and it also reduces the risk 


these two drawbacks, and, further, en- 


of a file being accidentally overwritten. 

As the unit is basically just an output port 
driving three relays, it could obviously be 
adapted for use in any applications where 
a Spectrum must control equipment via 
one to three relays. 


s 
Operation 
Two of the three relays are used to control 
the cassette motors, and the third controls 
which recorder is written to and which one 


is read from. The simple arrangement used 
in the controller is outlined in Figure 1. 
Only three control lines of the Spectrum 
expansion port are used, write (WR), in/out 
request (IOREQ), and address line A5. The 
controller is placed in the I/O map of the 
Spectrum, and is operated using BASIC 
OUT instructions. The system of I/O con- 
trol used in the Spectrum is to have all the 
address lines normally high, with one of the 
lower lines (AO to A4) being taken low to 
activate an internal circuit such as the 


old. 


so that A5 also goes low. This address 
leaves all the other address lines high so 
that no interference with internal input/out- 
put circuits occurs. 


“the Spectrum lacks any motor control, and it is 
necessary to connect and disconnect the leads”. 


sound generator. The upper address lines 
(A8 to A15) are sometimes used to provide 
an internal I/O circuit with additional infor- 
mation. This leaves A5 to A7 completely 
free for use with external add-ons, and in 
this case A5 is used. The WR and IOREQ 
outputs go low when an OUT instruction is 
implemented, and address 65503 is used 
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The negative output pulse produced by 
the OR gate during an OUT 65503,x 
instruction is used to operate a 3 bit data 
latch which is fed from the three least sig- 
nificant bits of data bus. Each output of the 
data latch drives a relay driver and relay. 
The relay controlled by data line DO has 
double pole changeover contacts, and 
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e 


E CONTROLLER 


——— 


these are used to connect the “ear” and 
“mic” sockets of the Spectrum through to 
the two cassette recorders. However, at 
any one time only one recorder is con- 
nected to each socket, so that recorder 1 is 


used for READ operations and recorder 2 
for WRITE operations, or vice versa, 
depending on whether or not the relay is 
activated. This avoids feedback problems, 
and the need to manually disconnect any 
leads which are not actually being used. 

The other two relays have straightfor- 
ward SPST contacts, and are used to con- 
trol the motors of the cassette recorders by 
way of the remote control sockets. 


The circuit 


Few components are used in the tape con- 
troller, as will be apparent from the full cir- 
cuit diagram of Figure 2. 


74LS175 quad D type flip/flop. In this cir- 
cuit only three flip/flops are required, and 
the fourth one is simply ignored. The latch- 
ing pulse is supplied to the CP (clock pulse) 
input of IC1 by the 3 input OR gate formed 


{C1 is the data latch, and this is a! Figure 2. The full circuit diagram. 
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by D1 to D3 plus R1. R2 and C2 are used to 
generate a negative pulse at switch on, and 
this is used to activate the master rest input 
of IC1. The point of this is merely to ensure 
that initially all three relays (and both cas- 
sette motors) are switched off. 

The three relay drivers are identical, and 
each one consists of a current limiting 
base-feed resistor, an npn common emit- 
ter switching transistor, and a transient 
suppressor diode. A suppressor diode is 
needed in parallel with each relay coil to 
remove the high (reverse) voltage spike 
that is generated as this highly inductive 
component is switched off. This voltage 
could otherwise be sufficient to damage 
the semiconductor devices in the circuit. 
The diode provides a low impedance path 
so that the high impedance transient is 
clipped at a safe potential of only about 0.6 
volts. 

IC1 is powered from the regulated 5 volt 
output of the Spectrum, but the relays and 
driver circuits are powered from the un- 
regulated 9 volt (nominal) supply. One 
reason for using this method is that it gives 
a greater choice of suitable relays, as most 
types are for 9/12 volt operation and will 
not operate from a 5 volt supply. It also 
helps to keep down the amount of current 
drawn through the Spectrum’s 5 volt regu- 
lator, which is apt to run a bit on the hot 
side even without any external assistance. 
The 9 volt supply has a very high ripple 
content and is not stabilised, but a crude 
supply of this type is perfectly adequate for 
relay drivers. 

Relays 1 and 2 are used to control the 
cassette motors, and note that output 
sockets SK1 and SK2 have neither output 
connected to earth. This is essential 
because most cassette recorders do not 


‘have either side of their “remote” sockets 


connected to earth, and will not function 
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properly if either side should be so con- 
nected. Relay 3 is used to provide the read/ 
write switching, and the way in which this 
operates is really self explanatory. 


Construction 


Construction starts with the printed circuit 
board, and this is illustrated in Figure 3. In 
most respects there is nothing out of the 
ordinary to note when constructing the 
board, but, as usual, care must be taken to 
connect the semiconductors the right way 
way round. Veropins are fitted at points 
where connections will eventually be made 
to the edge connector and sockets. 

There is only one problem that could give 
any real difficulty, and that is the fitting of 
the relays. In order to mount the relays 
direct onto the board it is obviously neces- 
sary to use types having the correct pin 
spacing and layout, and this really means 
using the types specified in the compo- 
nents list as it is unlikely that any others will 
suit. From the electrical point of view, any 
relays having coils that will operate reliably 
from a supply of about 9 volts, a coil resis- 
tance of around 200 ohms or more, and 
suitable contacts, should be perfectly suit- 
able. If alternatives are used though, either 
the printed circuit layout will have to be 
modified to suit, or a satisfactory way of 
mounting the relays and wiring them to the 
board must be found. Use of the specified 
relays is strongly recommended, especi- 
ally for inexperienced constructors. 


TO 
EDGE 
CONNECTOR 


and these can then be connected to the 
Spectrum using the cassette lead supplied 
with the machine. The other sockets can 
also be jack types, with 2.5mm jacks used 
for SK1 plus SK2, and 3.5mm jacks for the 
rest. The controller would then be con- 
nected to the two cassette recorders using 
four 3.5mm and two 2.5mm jack leads. 
Mount the sockets in a sensible configura- 


“the unit could be put to 
use in any applications 
to control equipment via 
relays”. 


tion so that connections to the Spectrum 
and recorders can be made easily and 
without confusion. An alternative method 


Figure 3. Foil layout and details of the printed circuit board. 


The case for the prototype is an inexpen- 
sive aluminium type having approximate 
outside dimensions of 133 by 102 by 
31mm, but any case which is not signifi- 
cantly smaller than this on any dimension 
should readily accommodate all the com- 
ponents. The printed circuit board is 
mounted on the base panel, leaving space 
for the sockets to be fitted on one of the 
case's end panels. 6BA or M3 fixings are 
suitable, and short spacers should be used 
over the mounting bolts to keep the con- 
nections on the underside of the board 
clear of the case. 

SK3 and SK8 are 3.5mm jack sockets, 


of making the connections to the recorders 
is to use standard DIN-to-DIN or DIN-to- 
jack computer cassette leads, and the 
controller would then need to be fitted with 
two 7 pin DIN sockets (to replace SK1 -—4—- 
5, and SK2 —- 6-7). 

If jacks are used, together with a metal 
case, the case will carry the earth connec- 
tion from one socket to the next, and the 
earth lead from the printed circuit board 
thus only needs to be connected to chassis 
tag of one of the jacks (it does not matter 
which one). A slight problem here is that 
the chassis tags of SK1- and SK2 connect 
to the appropriate relay contacts, and not 
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to earth. Either insulated (plastic body) 
sockets must be used for SK1 and SK2, or 
steps must be taken to insulate them from 
the case. If the unit is fitted in a plastic case 
a lead must be used to wire up the earth 
tags of the 3.5mm jacks, or the DIN 
sockets, as appropriate, but problems with 
insulating SK1 and SK2 are then avoided. 
The connections from the printed circuit 
board to the Spectrum's expansion port 
are Carried via a 9-way ribbon cable termi- 
nated in a Spectrum (2 x 28-way 0.1 inch 
pitch) edge connector. It is unlikely that 9- 
way ribbon cable will be available, but it is 
a simple matter to remove one lead from a 
piece of 10-way cable. Edge connectors 
for the Spectrum, complete with a polarising 
key, are now available from a number of 
component suppliers. The diagram on 
page 160 of the Spectrum manual gives 


SK6 (MIC1) 
SK7 (MIC2) 


SK3 (EAR) 
SK8 (MIC) 


SK4 (EAR1) 
SK5 (EAR2) 
EARTH 


“... very useful with 
popular programs such 
as Vu-File”. 


details of the expansion port, but as this 
shows a “mirror image” of the port it can be 
a little confusing. Figure 4 gives connec- 
tion details for the edge connector, as 
viewed looking onto the pins at the rear of 
the connector. 

With some cases it is possible to merely 
take the ribbon cable out through a gap 
between the two sections of the case, but 
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Above, 3.5 and 2.5mm jack sockets for connection to tape recorders. 


an exit hole for the cable can be drilled at 
any suitable place in the box if necessary. 


Connect the unit to the expansion port of 
the Spectrum before applying power to the 
latter. When the Spectrum is switched on it 
should function normally, and none of the 
relays should switch on. As a quick check 
of the unit, try typing in these three com- 
mands: 


OUT 65503, 1 
OUT 65503,3 
OUT 65503,7 


This should first switch on relay 3, then- 
relay 2 as well, and then finally all three- 
relays. OUT 65503,0 can be used to switch- 
off all three relays. 

In use the controller is not “user tae 
parent”, so LOAD, SAVE, and VERIFY- 
instructions must be accompanied by the- 
appropriate OUT commands. For recorder- 
1 the full instruction lines are as follows: 


OUT 65503,4 : LOAD “program” : 
OUT 65503,0 7 
OUT 65503,5 : SAVE “program” : - 
OUT 65503,0 7 
OUT 65503,4 : VERIFY “program” : - 
OUT 65503,0 2 


For recorder 2 they are: 2 


OUT 65503,3 : LOAD “program” : = 
OUT 65503,0 
OUT 65503,2 : SAVE “program” : = 
OUT 65503,0 = 
OUT 65503,3 : VERIFY “program”: =~ 
OUT 65503,0 - 
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Figure 4. The edge connector. 


To LOAD, SAVE, and VERIFY an array 
from within a program using two recorders 
the following would be used: 


500 OUT 65503,3 : LOAD N$ DATA 
A$() : OUT 65503,0 

700 OUT 65503,5 : SAVE N$ DATA 
A$() : OUT 65503,0 

900 OUT 65503,4 : VERIFY N$ DATA, 
A$() : OUT 65503,0 


The array is called A$0, the filename is N$, 
and the line numbers are, of course, for 
example only. 

The unit is very useful for use with a 
program such as the popular Vu-File from 
Psion, and such programs can be modified 
to work properly with the controller. For 
example, although Vu-File is mostly in 
machine code, it uses BASIC for input of 
filenames, plus SAVE, LOAD, and VERIFY 
operations on files. To break into the pro- 
gram answer “L” to the initial screen, enter 
anything as a filename, and when the pro- 
gram is trying to load press SHIFT/BREAK. 
You can then list the BASIC program. The 
relevant lines are 1005 (SAVE), 1100 
(VERIFY), and 2000 (LOAD). They must be 
altered as follows: 


1005 OUT 65503,5 : SAVE g$ CODE 
S,L : OUT 65503,0 
1100 GO SUB 7000 : OUT 65503,4 : 
VERIFY g$ CODE : OUT 65503,0 
2000 CLS: PRINT “Load a file” : 
GO SUB 6000 : GO SUB 7000: 
OUT 65503,3 : LOAD g$ 
CODE s : OUT 65503,0 : 
GO TO USRa 


You should be aware that making a tape 
copy of the altered program may involve a 
breach of copyright. | 
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Micrographic Techniques 


This month Mike James introduces the ideas of matrix 
transformations as an aid to the manipulation of graphics 


A simple two-dimensional shape is made 
up of straight lines that connect points. 
Last month’s Micrographics introduced 
the idea that a good way to represent a 
simple shape inside a computer is by the 
dual system of a point file and a line file, the 
point file being a list of co-ordinate pairs 
specifying a number of points and the line 
file being a list of pairs of points that specify 
a number of lines. This hierarchical struc- 
ture can be extended to include a number 
of lines making up a single shape and a 
number of shapes making up a single dis- 
play. To do this we have to look at ways of 
changing the position and orientation of 
shapes so that they can be combined to 
make a complete display. For example, a 
landscape might use a number of tree 
shapes, identical apart from position, size 
and orientation and rather than store the 
line information for each it is better to keep 
one ‘prototype’ shape and generate ail of 
the ‘examples’ of it using appropriate 
transformations. 


Moving points 


One of the additional advantages of storing 
the point and line data separately is that a 
shape can be transformed by applying the 
transformation to each of its points in turn 
and then drawing the straight lines that 
connect them. For example, if a square is 
defined by four points and the lines that 
connect them, a transformation that shifts 
the four points an equal amount to the left 
will be effective in shifting the entire square 
if the lines are redrawn between the same 
points but in their new position. This simple 
observation means that we need only 
involve the point file in transformations. 

The next question is what sort of trans- 
formations on points are we interested in? 
if we restrict ourselves to transformations 
that preserve shape (on the grounds that 
shape is something defined before the 
transformation part of the graphics pro- 
gram) then the only transformations per- 
mitted (ie shape preserving) are: 


translation 
rotation 
reflection 
and scaling (change of sizé) 


It just so happens that these transforma- 
tions correspond to a subset of the trans- 
formations that can be implemented using 


displays. 


matrices. Although matrices are not essen- 
tial to the production or understanding of 
two-dimensional transformations they do 
make things a lot simpler when it comes to 
handling three dimensions (the subject of a 
later part of Micrographics). 


Matrix transformations 


A matrix is nothing more than a two-dimen- 
sional array with a special rule for multipli- 
cation. The two-dimensional array is 
familiar enough so the only possible source 
of trouble is the rule for multiplication. 
Although a point in two dimensions can be 
specified by two co-ordinates, for the pur- 
poses of matrix transformation there are 
advantages in using three numbers in the 
form of a ‘column vector’. If the co-ordi- 
nates of the point are x,y then it is rep- 
resented by the column vector: 


Ix] 

ly] 

i 
The reason for the apparently redundant 
final 1 is difficult to explain in detail but, put 
in simple terms, it is necessary to allow 
translations to be included in the matrix 
formulation. (In fact the use of three num- 
bers to represent a point in two dimensions 
is a very useful mathematical technique 
called ‘homogenous co-ordinates’). 

The result of a transformation is another 
column vector obtained by multiplying the 
original column vector by a 3 by 3 matrix. 
The multiplication is such that the first ele- 
ment of the new column vector is obtained 


by multiplying each element of the first row 
of the matrix with the corresponding ele- 
ment of the column vector and adding the 
results together. The second element of 
the new column vector is obtained by per- 
forming the same operation using the 
second row of the matrix and the third ele- 
ment is obtained using the third row. The 
operation of forming each element of the 
new column vector is often thought of as 
multiplying each row of the matrix by the 
column vector. (See Figure 1). As a BASIC 
program this gives: 


FOR l=1TO3 
FOR J=1TO3 
A(l}=T(I,J)*V(J) 
NEXT J 


NEXT | 


assuming that the initial co-ordinates are 
stored in V, the result in A and the trans- 
formation matrix is T. 

To convert a pair of co-ordinates into a 
column vector all that you have to dois add 
the final 1. However converting a column 
vector back to a pair of co-ordinates is not 
always as simple as ignoring the final 1. 
The reason for this is that during matrix 
multiplication it is possible for the final 1 to 
be changed into some other value. In other 
words the general form of a column vector 
Is: 


Ix | 
ly l 
lw l 


where w might not be 1. To convert this 
general form of column vector into a pair of 


Ty 7844. %q + 842 V2 t 843 Vg 


r, 'S ROW 1 ‘TIMES’ COLUMN 
lg |S ROW 2 ‘TIMES’ COLUMN 
rg IS ROW 3 ‘TIMES’ COLUMN 


Figure 1, The method of matrix multiplication. 
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co-ordinates it is necessary first to divide 
each element by w, giving: 


| x/w | 
| y/w | 
oe | 


The final pair of co-ordinates are then 
simply x/w and y/w. Transformations that 
change the value of the final 1 are very 


important in three-dimensional graphics- 


but in two-dimensional graphics they can 
be avoided and the co-ordinates can be 
recovered by simply throwing away the last 
element of the column vector. 


Some transformations 


So far all this talk of matrices is a little 
abstract and a few examples are long over- 
due. The matrix R: 


1COS A -SIN A 0 
| SIN A cos A 0 
| 0 0 1 


produces an anti-clockwise rotation about 
the origin through an angle A. That is the 
point given by RV is the same distance 
from the origin as the point V but moved 
through an angle A anti-clockwise. If every 
point in the point file is multiplied by this 
matrix and then the lines in the line file re- 
drawn the resulting shape will be the same 
but rotated through an angle A about the 
origin. 
The matrix M: 

1h Othe] 

(0 1 ty! 

10 0 11 


produces a translation by tx units hori- 
zontally and ty units vertically. If every point 
in the point file is multiplied by S then the 
final shape will be removed by tx units hori- 
zontally and ty units vertically. 


Combining 
transformations 


The transformation matrices given above 
are very useful but normally the required 
transformation is a combination of rota- 
tion, translation and scaling. For example, 
a square in the middle of the screen can be 
rotated about one of its corners by the fol- 
lowing three steps: 


1) translating the desired corner to the 
origin 
2) performing the rotation about the 
origin 
3) performing the translation in step 1 in 
reverse 
(ie —tx,—ty) 
The problem is that multiplying a point by a 
transformation matrix takes time and 
repeating the operation on ali the points in 
the point file takes even longer. If you are 
going to implement a transformation using 
three or more different matrices then the 
total time spent in number crunching is 
certainly going to be unacceptable. The 
solution is that any number of transforma- 
tion matrices can be multiplied together to 
give a single matrix with the same effect. 
Multiplying two matrices together is a 
fairly simple operation. If A and B are two 3 
by 3 matrices then the result of multiplying 
them together is another 3 by 3 matrix C 
with elements given by: 


FOR !=1TO3 
FOR J=1TO3 
FOR K=1TO3 
C(I,J)=A(I,K)*B(K,J) 
NEXT K 


NEXT J 
NEXT | 


This short program may look complicated 


“,.. matrices make things a lot simpler when it comes 
to handling three dimensions...” 


The matrix S: 


[sx 0 O| 
10 sy Ol 
ro 8 A 


produces a scale change such that all the x 
co-ordinates are enlarged by a factor sx 
and the y co-ordinates by sy. This matrix 
applied to each point in the point file will 
produce a scale change in the shape. This 
scale change is not quite as simple as an 
enlargement or a reduction in the overall 
size of the shape. Firstly, to ensure that the 
shape remains the same after the trans- 
formation, sx and sy must be the same. If 
they are different the shape will be dis- 
torted. Another complication is the role of 
the origin. In the same way that the first 
matrix produced a rotation about the ori- 
gin, S produces a scale change centred on 
the origin. To understand what this means 
you first have to notice that the point at the 
origin ie 0,0 is the only point left unaltered 
by the scaling transformation. 
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but the best way to think of it is that ele- 
ment C(I,J) of the result is obtained by 
multiplying row | of the first matrix by 
column J of the second. 

- The transformation that produces a rota- 
tion about any given point is such an 
important one that it is worth multiplying 
out the three matrices representing the 
transformations given at the start of this 
section. That is: 


G = TIR'T2 


where G is the matrix that produces a rota- 
tion about the point x,y through the angle 
‘a’ and T2 is a translation from x,y to the 
origin, R is a rotation about the origin 
through an angle ‘a’ and T1 is a translation 
from the origin back to x,y. Writing these 
matrices out in full gives: 


1+ oO =x! | cos a —sina Ot 11 0 xi 
10 1 -y/ Isin a cosa 01} 10 1 yl 
}o 0 11 'o 0 De 10 i) it 


10 MODE 4 

20 DIM X(4),¥¢4),AC3, 9) 

30 GOSUB LOd07GOSUB 1500 

40 GOSUB 2000 

So GOSUB 4000 

60 GOSUE 3000 

70 GOsUB 2000 

80 GOSUB 1000 ‘ 
90 GOTO 30 


KCL H=SO0tYCi=50e 
X¢2)=6002¥C2) 5500 
X(D 6002 ¥C3 sod 
X(4) #5002 76424600 
KETURN 


FOR L=1 TO 3 
ACI, Iv=1 
NEXT L 
RETURN 


MOVE K(1),7C1) 
FOR I=2 TO 4 
DRAW K(I),¥CT) 
NEXT I 

DRAW X(1),¥C1) 
RETURN 


FOR f=1 TO 4 

T=XCFYMACL LITYCPIMACL,29tACL 9) 
YCPYEXCPYRACZ, LIFYCPIMACZ, 2) +AC2, I? 
K(P) eT 

NEXT F 

RETURN 


GOSUB S000 
PRINT "AC'S 
INFUT £ 
PRINT TABCLO,3095"5,"% 
INFUT J 

PRINT 
INPUT 
GOSUE 
RETURN 


TABCAS,» dU> 5" ou"'5 
A(I,J) 
saao 


PRINT TABCO,26)3 

FOR I=1 TO 3 

FOR J=1 10 3 

PRINT TABCCU-L) ES) SACI edb 
NEXT J 

PRINT 

NEXT IL 

PRINT 

RETURN 


and multiplying them together produces 
the result: 


| cos a -sin a -xcos a + ysin a +x! 
! sina cos a ~xsin a — ycos a +y | 
1 0 0 1 I 


for the matrix G. 


Experimenting with 
transformations 


The power of matrix transformation is the 
range of transformations that can be 
encompassed in a single method. As a way 
of trying out the effect of any transforma- 
tion matrix Program 1 (written in Acorn 
BASIC) will apply it to a small square and 
plot the results. 

For those of you interested in extending 
this program or converting it to other 
dialects of BASIC, the subroutine structure 
is: 


subroutine function 


1000 set arrays X and Y to co-ordinates of four corners 
of square 

1500 sets transformation matrix Ato the identity 

2000 draws co-ordinates in X and Y 

3000 applies transformation in Ato Xand Y 

4000 gets new elements of A from keyboard 

§000 prints A 


ELECTRONICS & COMPUTING MONTHLY - 43 


At the start of the program the transforma- 
tion matrix is set to: 


11 0 
10 1 
!0 


0 | 
0! 
0 11 


the old. In other words, rather than using a 
general subroutine to multiply the column 
vector that represents each point in the 
point file but a 3 by 3 array that holds the 
co-efficients of the ‘rotate about any point’ 
matrix, it is better to use: 


“,,. practical programs may have to abandon the 
matrix formulation to achieve reasonable processin 
speed... however matrix algebra is the best way o 

manipulating transformations...” 


which is called the ‘identity’ matrix. When a 
column vector is multiplied by the identity 
matrix no change is produced and in this 
sense the identity matrix plays the role of 1 
in matrix multiplication. After the matrix A 
has been printed out the program pauses 
and allows the user to type in a new value 
for any of the elements. As each element is 
altered the result of applying the trans- 
formation to the square is displayed. You 
might like to try altering the diagonal ele- 
ments of A to show the effect of scaling. 
For example, if A(1,1) is changed to 2 the 
square will be changed to a rectangle that 
is twice as wide as high. What you might 
not have expected is that the rectangle is 
now twice as far from the origin as it was 
before the scaling. This can be corrected 
by changing A(1,3) to -500 to produce a 
translation back to the original position. 
You also might like to try: 


11 15 -500 ! 
'o 1 Qo | 
10 0 1 I 


which is one of the many non-shape pre- 
serving transformations called a ‘shear’. 


Transformations in 
traditional graphics 


In traditional graphics programs trans- 
formations are usually implemented by a 
general transformation routine. The user 
specifies a transformation matrix and the 
routine applies it. The transformation mat- 
rix is itself built up by a list of calls to arange 
of subroutines that perform individual 
transformations. Starting from an identity 
matrix each call modifies the current trans- 
formation matrix to give a final matrix that 
produces the total transformation. This is 
then applied to each point in the point file 
and the display drawn. 

This traditional approach is not really 
appropriate for interactive graphics on a 
microcomputer. The reason for this is that 
the parameters of the transformation are 

. best supplied from an input device such as 
the keyboard and then immediately 
applied to the point file. For example, 
rather than build up the ‘rotation’ about any 
point matrix by multiplying other more 
fundamental transformation matrices it is 
better to supply a ‘rotate about any point’ 
option within a graphics package. Even 
within this option it is better to avoid the 
matrix representation of the transformation 
in favour of explicitly writing out the equa- 
tions that relate the new co-ordinates to 


XN=(X(I—X)*COS(A)+(Y—Y(I))"SIN(A) +X 
YN=(X(I)—X)"SIN(A)+(¥ (I -Y¥(*COS(A)+Y 


which give XN,YN the co-ordinates of the 
transformed point, in terms of X(I),Y(I) its 
original co-ordinates, X,Y the co-ordinates 
of the centre of the rotation and A the angle 
through which everything is rotated. These 
two equations are easily obtained by multi- 
plying the transformation matrix G (given 
earlier) by the column vector: 


1 x) | 
1 Y(I) | 
La 


and separating out the expressions for XN 
and YN. 

At this stage it looks as though the effort 
that has been expended on studying the 
matrix formulation of transformations of 
shapes has been a waste of time in that the 
final program is better implemented using 
transformation equations. However, it 
should be clear that matrix algebra is an 
excellent way of describing and manipulat- 
ing transformations. In general transforma- 
tions are best described, thought about, 
discussed etc in terms of matrices but 
practical graphics programs often have to 
abandon the matrix formulation to achieve 
a reasonable speed of processing. 


A rotation module of the 
line and point editor 


As an example of the way that transforma- 
tions can be used in interactive graphics a 
‘rotate about any point’ module is a natural 
extension to the point and line editor given 
last month. The only modification neces- 
sary to the original program is to the com- 
mand menu: 


4050 IF A$=“R” THEN GOSUB 8500 
4060 RETURN 


Following this modification pressing “R” 
will call the rotation module: 


FRINT TAG(O,24); "ANGLE “7 

INFUT A 

PRINT “SELECT CENTRE OF ROTATION 
PRINT "PRESS ANY KEY WHEN READY" 
GOSUB 2000 ‘ 

XG=X!YG=YIGOSUB 3d0d:GOSUB 3000 
IF INKEY$#(0>}="" THEN GOTO 8540 
PRINT TABCO, 24) ¢SPCC20) 

PRINT SPCC25)7PRINT SPC(25) 

A=RAD CA) 

FOR I=1 TO F 
XT=(XCL)-KG)MCOSCAD + CYG--¥CL)) SSINCAD #KE 


Y CL) CX CL) XG) eB INCAD CY CD) VE) MCOS CAD +YG 
X(L)2XT 

NEXT I 

d==1 

RETURN 
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This should be added to the point and line 
editor along with the modification to the 
command menu. The rotation module asks 
the user to specify the angle of rotation in 
degrees from the keyboard and the centre 
of rotation using the joystick. Once these 
two parameters have been entered the 
entire point file is subject to the trans- 
formation given by the pair of equations in 
the previous section. Following this, pres- 
sing “D” will cause the lines specified in the 
line file to be drawn, thus showing the 
newly rotated shape. 

It is possible to add other modules to 
implement other transformations such as 
translation and scaling but these are much 
easier than rotation about any point and 
are left for your own experimentation. 


More complications 


So far the transformations that have been 
described have been applied to every point 
in the point file. This doesn’t allow for the 
possibility that there are a number of 
different graphics ‘objects’ on the screen 
that should be transformed separately. 
This problem is taken up nex month along 
with the subject of global transformations. 


Next Month -_ -Prototypes, 
objects, windowing and clip- 
ping. 


Secret corrections 


Sir, 

| have to admit that a small error crept 
into my article “Secrets of the Spectrum's 
Streams and Channels” in the February 
issue of E&CM. Due to my ever increasing 
dyslexia (or rather its numerical equivalent) 
two numbers in the machine code were 
consistently reversed. In Program 1 the 
second and third numbers in line 10 should 
be 254,0 and the first line of Table 2 should 
read 01,254,0. In the same way the eighth 
and ninth numbers in line 10 of Program 2 
should be reversed to read 245,0 and 
address 23301 of Table 3 should read 
1,254,0. My mistake was consistently to 
place the high order byte of a 16-byte 
address first, when of course in Z80 
assembly language the low order byte 
always comes first. Fortunately the error 
doesn’t ruin the sense of the examples and 
they even work — although they send their 
data to more than one Spectrum I/O device 
at a time! It is also worth adding that the 
first example works even with the Micro- 
drives and Interface 1 connected. 

Please also note that line 1020 in Prog- 
ram 1 has been truncated and the final * 
256 is missing. The full line should read: 


1020 POKE c,23296-INT(23296/256) 
"256 
With apologies, 
Mike James 
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FEATURE 


What do you do while the printer is churning out hard copy? 


Chew your fingernails? This program by Chris Cant gets around 
the frustration of waiting, and allows you to continue writing 
while using any centronics linked printer. 


This program gets around one of the most 
annoying problems in computing: doing 
some printing whilst still using the machine 
for other purposes. It will only work for cen- 
tronics type printers on the parallel port; 
the *FX5 and *FX3 values are ignored. It 
has been used successfully using BBC 
BASIC and on other machines running 
Wordwise and View. First, the instructions! 


Procedure 


1 The hard bit. Type in Listing 1. Make 
sure that it is correctly entered, as a single 
wrong character could cause strange 
results. Save the resultant machine code 
as instructed in file ‘print’ in your disk pro- 
gram library. Also save files ‘stop’ and 
‘kick’ to use in conjuction with the printer 
spooler. If you feel inspired make up your 
own names for these files. 

2 Create a file on disk with the text 
which you wish print out. It may already 
exist in this form. Otherwise direct your 
word processor or other output to a disk 
file or SPOOL a basic listing. 


BASIC: “SPOOL listfl 

LIST or RUN to produce 
output 

*SPOOL 

*SPOOL lisfl 

screen textfl 


* 


OL 
Note that VIEW will insert character code 


VIEW: 


14 to put the VDU in paged mode before 
screening the text. This may be interpreted 
by the printer as a special control code, eg. 
double width graphics on the Seikosha 
GP80A. Thus, the first thing the text con- 
tains should correct this, eg. by sending 
code 15 to a GP80A to put it in normal 
mode. 


WORDWISE: Option 8 should be used to 
spool output to a file 


3 Enter the following command, where 
LIST is the name of the disk file which your 
output stored in: 


*Print listfl 


The program will send a carriage return 
to the printer and then carry on printing out 
text as obtained from disk. You will be able 
to carry out normal Basic editing and disk 
access as long as certain things are not 
done. The printer ignore character, as set 
by “FX6, will continue to be ignored. It is not 
a good idea to try a VDU2 command, 
although it might work for RS423 output. 
There will occasionally be slight pauses in 
your work as the system retrieves more 
data from disk. It should not lose any data 
from programs. The end of the printer 
spooler activity will be marked with a 
BEEP, as well as, no doubt, a quieter room. 

4 If you wish to stop the spooler output 
before it has finished printing then the fol- 
lowing command should be entered: 

“stop 


46 - ELECTRONICS & COMPUTING MONTHLY 


5 Occasionally it is possible that the 
spooler will stop before it has finished 
printing. This is usually caused by an 
unsuccessful call to one of the OS filing 
system routines and may be corrected for 
either by a ‘good’ OS filing system call or 
by entering the following command: 


*kick 


Program description 


The operation of the printer spooler will be 
described in two stages corresponding to 
the listings 1 and 2. Listing 2 (see next 
month) will be used to show how the basics 
work. It is written in non Tube compatible 
code and has not got some of the refine- 
ments of listing 1 but is less than 256 bytes 
long. The refinements on this mainly 
involve protecting this code from the user 
operations so that it is less likely to stop 
half way through. There are still pitfalls 
which the code cannot escape — a chal- 
lenge to some readers. 

Now you can begin entering the main 
listing and examining the ins and outs of 
the program. Next month E&CM will pub- 
lish a shorter listing (see above) and a third 
short listing written for use with the spooler 
when used with the VIEW word processor. 
A full description will be given of all three 
programs, of procedures, _ interrupt 
routines, and enhancements. Now get 
programming! 
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LISTING 1 Printspooler 


1@CLOSE#@ 
20REM Printer SPooler Chris Cant August ‘83 


3 
4OPROC_assemble 
45 
S@PRINT’’"Use:"’’" £SAVE" | CHRS< 34): "Prints 
CHREC 34) “Or MG~PKe" "aéQ%’ 
6OPRINT'" *SAVE™ i CHRO 34; "stop": CHREC34):~eofi" "i~eofi” "i~eof’ 
7OPRINT’” SAVE”: CHRSC 34); "kick"; CHRSC34))~kick)" "S~kicks" "S~kick’ 
8QEND 
98 
1B@@DEF PROC_assemble 
1@18LOCAL I 
1020 
1038 OSBYTE=&FFF4 
1048 OSBGET=4FFD7 
1058 OSFIND=&FFCE 
1060 OSWRCH=tFFE3 
1068 OSARGS=&FFDR 
1098 Posn =O 
1100 Q%=41708 
1118 
1120 FOR I=@ TO 2 STEP 2 
1138 
1148 P%=sQ% 
115Q@COPTI 
1168.start LOX Get Position of filename in command call 
1178 


Open file for READ 


Get old IRQ1V vector 


IRQIV+1 


#1 Allow printer disk activity 
status 


SwaP| DFS vectors 


Winterr MOD 256 set uP IRQ vector 
&204 

Winterr DIV 256 

4205 


Find Printer ignore character 


Clear old interrurts 


Get old user PCR 


CR2 lows CAL +ve ed9e 
CA2 high 


Write user PCR 


user DORA as outPuts 


user IER enable 
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sstatus 
~chanel 
28,Pignor 
» IRALY 
.O1dPCR 
«PCRIow 
»PCRAi 


-interr 


2238, itsme 
2320 


2318 
2328 
2322 
2324 
2326 
2328 
2329 
2338 
2348. retry 


2743, reswaP 
2744 


EQuB 
EQUB 
EQUB 
EQuW 
EQUB 
EQUB 
EQUuB 


LDA 
PHA 
TXA 
PHA 
TYA 


LDA 
LOx 
JSR 
CLI 


LOA 
BNE 


FEATURE 


Initial CR to Printer 


#7 File cannot be oPened. 
OSURCH 


#1 
status 


Qvro, can 


rad 
a 
dD 


Save resisters 


Check interrupt type 


System interrupt 


CIRQIV) 


#150 Clear interrupt 
#261 
OSBYTE 


status Check no other disk activity taking Place 
retry 
send if so send out a dummy ‘'Q’ to Printer 


chanel Get next byte 
OSBGET 
eof 


Pignor 
retry 


Write byte to Printer 


Normal Print return 


Close file. StoP Printer 
Reset user PCR 
Disable CAL interrupt 
Close file. 


Reset [IRQIY vector 


Reset DFS vectors 
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2745 DEX 4332 PLA 
2746 BPL = reswaP 4335 RTI JumP to Filing System 
274? 4348 

2750 cli 4350 

2760 4360.return PHP + PHA Save registers 
2778 LOA #7 4378 TXA = PHA 

2788 JSR = OSWIRCH BeeP for finish 4389 

2790 PLA Return for last time 4390 TSX 

2820 TRY 4408 LOR = 8102, Re-adJust stack 
2818 PLA 4418 STA -&104,X 

2828 TRX 4420 LDA = & 183, 

2838 PLA 4438 STA &105,% 

2848 RTI 4448 

2850 4450 LOR #1 Indicate end of FS 
2868 4460 STA status ' 
2870.strobe LOR #151 Waggle STROBE for printer 4470 

2880 LOX  #&6C 4490 PLA + TAX Get redisters 
2890 LOY PCRLow 4490 PLR : PLA 

2900 JSR = OSBYTE 4500 PLR: PLP 

2910 4510 RTS Final return 

2920 LOR #151 +e and return high 4520 

2938 LDX = #&6C 4699 

2948 LOY — PCRAi 4999, oldVEC 

2950 JSR  OSBYTE 

2960 RTS S5QQ0.FILEY EQUM @ Old vectors stored here 
2970 SQ1Q.ARGSY EQUW 28 

3988 5820.BGETY EQUW 8 

4020s 5@30.BPUTV EQUW @ 

4010. Each OS filing system vector is changed over to a new value. This 5043.GBPBY EQUH 9 

4020% allows the interrupting Printer routine to know if there is any current S@5Q.FINDV EQUW 9 

4030\ disk activity. On entry to each routine the ‘status’ byte is set to 5060 

4040S zero; on exit it Goes to 1. The Printer routine will not attemet a 5298. osvec 

4050. disk access unless ‘status’ is at 1. Otherwise it will send a null 5198.0Sfile JSR OSFScl New Filing system routines 
4060\ character, a zero, to the Printer and try again when it is acknowledged, 5105 EQuB @ 

4970s 3110.0Sares JSR  OSFSel 

4100,0SFScl PHA - PHA Save sPace on stack 5115 EQUB @ 

4110 PHA = PHA Si20.0Sbset JSR OSFSct 

4115 3125 EQus 8 

4120 PHP ' PHR Save registers 5130. 0Sbeut JSR OSFScl 

4130 TXR + PHA 5135 EQuUB @ 

4148 TYR « PHA 5140.0SebPb JSR OSFScl 

4150 5145 EQUB 28 

4168 TSM 515@.0Sfd JSR  OSFScl 

4170 LOA #Creturn-1) MOD 256 Insert address for 0S FS RTS 5155 

4130 STA = &187-X 5168.0Sfind CMP #2 Check a9ainst CLOSE#@ calls 
4190 LOR #return-1) DIY 256 5178 BNE OSfd 

4200 STA = 4108,X 5138 CPY #0 

4210 5185 BNE O0Sfd 

4220 LDR = 4&189,% Get call Parameter 5198 RTS 

4222 SRA 5195 

4224 TAY ‘ 520@.newVEC EQUU OSfile New Filing system vectors 
4220 5218 EQUA OSares 

4248 LOR Posn-¥ Store OS FS address for RTI 5220 EQUU OSbset 

4250 STA = 4185.% 5230 EQUW OCSbPut 

4260 LOR Posntt-¥ 5248 EQUW OS9bPb 

4270 STR = &106,% 5258 EQUM OSfind 

4280 5260 

4290 LDR #2 Indicate start of FS 92801 

4300 STA = status 9005 Posn=oldVEC-((Cosvect+2) MOD 256) DIV 2) 
4319 S9B1ONEXT : 

4328 PLA: TAY Restore registers 9O2OPRINT??~Q%)" => “IMPKi" C"IPZ-O%s" bytes)."’* 
4338 PLA + TRX SB3BENDPROC 
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Electron RS423 


In Part 2 of the Electron communications interface project R. A. 
Penfold describes the control registers and software. 


As mentioned in Part 1, there are four regis- 
ters in the 6850. The simplest of these are 
at ?&FCO1, and these are the transmit 
register (when writing) and the receive 
register (when reading). The other two are 
at ?&FCOO, and are the status register 
(reading) and control register (writing). 

If we consider the control register first, 
bits 0 and 1 control TX/RX clock division 
rate and master reset, as follows: 


Divide by 1 

Divide by 16 
Divide by 64 
Master reset 


LISTING 2 


2OFLAG=3.F COG: PORT=2F C81 
26 DIM SET 148 

40 FOR Im=@ TO 3 STEP 3 
SaPH=SET 


1A@LDA #21 
11@STA FLAG 
129, CHECK 
13@L.DA FLAG 
{4QAHE #4 
{EMBER KE" 
16@LDA PORT 
17BJISR OSASCI 
198.KE'y 
19@LDx #4 
26OL0Y #28 
21IA@LDA #129 
220.ISR OSE°TE 
23@CP'’ #8.FF 
S4QBREOH CHECK 
SSalPy #R 
PEMIBEG! SEHD 
2TACr #818 
SSBBER ESC 
290. SEND 
30@ST PORT 
31@CLC 
2206CC 
330, ESC 
S40RRE 
S5GEOIS " Escare Pressed" 
BGABRK 

37ad 

BE8BMEST Ih 

33@ CLS: CALLSET 


CHECE: 


7 bits, even parity, 
2 stop bits 

7 bits, odd parity, 
2 stop bits 

7 bits, even parity, 
1 stop bit 

7 bits, odd parity, 
1 stop bit 

8 bits, 2 stop bits 
8 bits, 1 stop bit 

8 bits, even parity, 
1 stop bit 

8 bits, odd parity, 
1 stop bit 


the receive register. Itis automatically reset 
when the receive register is read. In prac- 
tice this bit would be read and used to pre- 
vent the receive register from being read 
unless fresh data was available. The logic 
AND function together with a masking 
number of 1 can be used to read just bit 0 
of the status register. These points are 
illustrated by line 40 of the test program of 
Listing 1. 

Bit 1 of the status register has a similar 
function, and is used to indicate whether or 
not the transmit register is empty. When 
necessary, this bit can be read using the 
logic AND function plus a masking number 
of 2, and used to prevent data being set to 
the 6850 at an excessive rate. 


C7¢FC8@ AND i> = 1 THEM PRINT CHRO TRF C@L Do; 


AR = 
IF figs 0" 
GoTo 4a 


INKEYS< a) 
TRFCA1 = 


Amaster reset (?&FCOO = 3) should always 
be used before using the interface, other- 
wise it will almost certainly fail to operate at 
all. 

The word format is controlled by bits 2, 
3, and 4 of the control register, and the 
table given above shows the formats avail- 
able, plus the required control number. 

The RTS output and interrupts are con- 
trolled by bits 5 to 7 of the control register, 
but as interrupts are not available in this 
case, only control of the RTS output might 
be of importance. This is controlled as 
detailed below: 


Of course, the number written to the 
control register is the sum of the numbers 
which give the desired functions and for- 
mats. For example, a baud rate of 300 
(divide by 16), 8 bits plus 2 stop bits, and 
RTS = low, requires 17 to be written to 
?&FCOO (1 plus 16 plus 0 = 17). 

Bit 0 of the status register is perhaps the 
most important one as this goes high to 
indicate that fresh data is available from 


RTS = low 
RTS = high 
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Bit 3 of the control register reflects the 
state of the CTS input, and when high bit 1 
of the control register (the transmit register 
empty bit) is inhibited. In most cases where 
the CTS handshake line is utilised it is 
therefore unnecessary to read bits 1 and 3 
of the status register, and reading just bit 1 
is sufficient. 

Bits 4, 5, and 6 of the control register 
respectively indicate framing error, re- 
ceiver overrun, and parity error. 

Obviously the software for use with the 
interface will have to be designed to suit 
each particular application. The test 
program of listing 1 may well be sufficient 
for applications where the computer must 
operate as a simple data terminal where 
characters typed at the keyboard must be 
transmitted, and characters sent or 
“echoed” from the other data terminal 
must be displayed on the screen. The main 
Listing 2 is for a similar type of program, but 
this demonstrates how language can be 
used to give a higher operating speed. 
Also, unlike the simple program of listing 1, 
this one provides a line-feed with each 
carriage return. The 6850 is quite 
straightforward to use, and it should not be 
too difficult to design software to suit a 
given application. | 
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PROJECT 


RAM in your ROM socket 


For those without the facilities to build E&CM’s fully featured 


Sideways ROM board, here is a new approach: inserting 2K of 
paged RAM in the BBC’s sideways ROM area. 


Most BBC owners have at least heard of 
their machine’s ROM paging capability. 
This allows various pieces of software in 
ROM chips to reside in the same address 
space, only one actually being ‘paged’ in at 
any instant. It is not so widely known that it 
is also possible to fit random access 
memory (RAM) in this space. This can be 
used to develop paged ROM software in 
situ or to store data tables for use in BASIC 
or machine code programs. This article 
shows you how to fit this RAM and gives 
you the software to use it. 

As always with high technology 
machines similar to the BBC micro, inde- 
pendent manufacturers rush to bring out 
peripherals to enhance and improve the 
basic micro's performance. Recently a 
plethora of ROM boards have appeared, all 
costing around £40. Most of these also 
offer the option of fitting CMOS RAM which 
you can use for the aforementioned 
development and data storage. What you 


SINGLE CORE 
WIRE CONNECTION 


are not told when buying these boards is 
that 8K of CMOS RAM costs about £40, 
the same price as the board itself. So 16K 
of CMOS RAM will cost you £80. This will 
often be outside the average BBC micro 
owners pocket. 

2K CMOS RAM chips are available from 
various suppliers for £7. These are the 
Hitachi 6116 LP types. 2K of extra RAM is 
usually sufficient to develop paged ROM 
software (one utility at a time) and will allow 
500 integer variables to be stored. 

Fitting the RAM is not difficult but does 
involve connecting one wire to another 
chip, this does not have to be soldered (but 
soldering is advisable). Figure 1 shows 
how this is done and you are advised to 
refer to this in the following explanation. 
Gaining access to the sockets is done as 
follows: 


(i) switch off the machine and unplug it 
from the wall socket 


MACHINE 


RAM 


OLD POSITION OF 
BASIC (RAM FITS HERE) 


Figure 1. The RAM chip must be fitted in the 4th socket from the right. 
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The RAM chip in its 28-pin socket. 


(ii) remove the four screws marked ‘fix’ 

(ii) remove the two or three keyboard fix- 
ing screws, unplug the keyboard cable 
and unplug the wire to PL15. Place the 
keyboard in a safe place ready for re- 
assembly. 


The four sockets which interest us are 
located to the bottom right of the circuit 
board. If you have a standard machine and 
have not had any paged ROM’s such as 
WORDWISE or VIEW fitted there will only 
be the BASIC chip plugged in. This will 
usually be in the socket fourth from the 
right hand side. Remove this chip with the 
aid of a flat bladed object, being very care- 
ful not to bend any pins. Plug this into the 
rightmost socket, again being careful not 
to bend any pins. Reconnect the keyboard 
and PL15 and switch the machine on. The 
usual screen message should appear. If it 
does not it means that your machine has 
not been upgraded to take paged ROM’s. 


BOTTOM VIEW 
OF 28 PIN SOCKET 


Cl 
PINS FLUSH 


Figure 2. Showing modificat ‘ns to the 28-pin 
socket. 
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The author recommends that this is done by 
your local dealer. If the usual message 
does not re-appear you will have to move 
the BASIC chip back to its original socket 
and re-assemble the machine. If your 
machine is fitted with a disk or econet inter- 
face some other ROM's will be present. It is 
recommended that all the chips are 
moved, if necessary, such that the BASIC 
chip is in the rightmost socket with the 
others in any other socket except the one 
fourth from the right hand edge. 

Assuming that you did get the normal 
message on power up and that the socket 
' four from the right is empty we can pro- 
ceed. 

CMOS RAM chips are very prone to 
destruction by static electricity so touch a 
metal fire or cold water tap before handling 
the chip. You will also need a 28 pin socket 


LISTING 1 


REM Program 1 
REM RAM read and write 
procedures 


REM for use with 6116LP 
CMOS RAM 

REM Stephen A. Tadd. (c) 1982 
REM PROCmach must be 

executed once 


REM before PROCwrite is used 
PROCmach 
END 


DEF FROCmach 


codeZ=&%A00:REM or any safe 
place 


PY=coder+4 


c OPTO 
LDA &70 
FHA 
LDA &71 


LDA codex 
STA &70 

LDA code%+1 
STA &71 

LDY #0 

LDA #12 

STA &FESO 
LDA code%+2 
STA (&70),¥ 


STA 
PLA 
STA 
LDA 
LDX 


STXx 


] 
ENDPROC 


DEF PROCr ead (address) 
?&F6=address% MOD 256 
?&F7=address% DIV 256 
Y¥4=12 

AZ=USR&EFFBS AND &FF 
ENDPROC 


DEF PROCwrite(address%,byte%) 
'codeZ=addressi: ? 

(code%~+2) =byte% 

CALL (code%+4) 

ENDPROC 
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obtainable from most electronics stock- 
ists. Cut away the pins (Nos. 23 and 26) 
shown in Figure 2 from this socket and 
plug in the CMOS RAM chip to the socket. 
Connect pin 24 of the chip to pin 28 of the 
socket using a small piece of insulated 


‘2K of extra RAM is 
sufficient to develop 
paged ROM software’. 


single core wire. Connect another piece of 
wire to pin 21 of the RAM chip long enough 
to reach pin 22 of the 6522 chip. The wires 
to the CMOS RAM chip will probably have 
to be soldered. Do this away from your 
BBC micro and NOT over the top of it or 
inside it. Plug the modified socket into the 


LISTING 2 


REM Program 2 

REM CMOS 6116LP RAM checker 
REM This program checks that 
REM the RAM is functioning 
REM Stephen A. Todd. (c) 1983 


PROCmach 


MODES 

VDU23; 8202; 0; 0; 0; 
PRINT"RAM checker." 
PRINTTAB(21) "Address" 
PRINT"RAM write 1" 

FOR TX%=%B000 TO &87FF 
VDUS1,17,VPOS-1:PRINT*T% 
PROCwrite(TZ,T% MOD 256) 
NEXT 

PRINT"“RAM read check 1" 
FOR T%=&%8000 TO &87FF 
VDU3S1,17,VPOS-1:PRINT*TZ 
PROCread (TZ) 

IF AZ <> TX MOD 256 PRINT"RAM 
“error at address “;~TZ:END 
NEXT 

PRINT"RAM write 2" 

FOR TZ=%&8000 TO &87FF 
VDUS1,17,VPOS—1:PRINT*TZ 
PROCwrite(T%,&55) 

NEXT 

PRINT"RAM read check 2" 
FOR T%Z=&8000 TO &87FF 
VDUS1,17,VPOS—-1:FRINT*T% 
PROCread(T%) 

IF AZ <> &S5 PRINT“RAM error 
at address “;~*TZ:END 
NEXT 

PRINT"RAM write 3" 

FOR T%Z=%B000 TO &8B7FF 
VDU31,17,VPOS-1:PRINT™T% 
PROCwr ite (T%,%AA) 

NEXT 

FRINT“RAM read check 3" 
FOR T%=&B000 TO &8B7FF 
VDUS1,17,VPOS—1:FRINT*TZ 
FPROCread(T%) 

IF AZ <> &AA PRINT"“RAM error 
at address ";*T%Z:END 
NEXT 

FPRINT'Check complete." 
END 


DEF PROCmach 
code%=&A00 
P%=8A04 


C 


code% 
%&70 
code%+1 
&71 


PROJECT 


vacated socket on the circuit board. Finally 
push the flying end of the longer wire into 
pin 22 of the 6522 socket. As mentioned 
before, Figure 1 clarifies this procedure. 
Re-assemble your machine and check that 
it operates as normal. If it does not check 
the installation procedure. 


Software 


After this is done we can consider the 
software necessary to write to and read 
from the RAM. Listing 1 shows two pro- 
cedures to do this one byte at a time. 

To read from the RAM at address X, X 
being in the range &8000 to &87FF, call 
PROCread with PROCread(x). The byte is 
returned in the integer variable A%. 

To write ‘byte’ to the RAM at address X, 
X being within the above range, call PROC- 


#0 

#12 

&FESO 

cadeZ+2 
(&70),Y 


&71 


&70 
#252 
#0 
#RE EF 
&FFFA 
&FESO 


3 
ENDPROC 


DEF PROCread (address7) 
?&F 6=addressz MOD 256 
7&F 7=address% DIV 256 
¥%Z=12 

AZ=USR&EFFBS AND &FF 
ENDPROC 


DEF PROCwr ite (address%,byte%) 
'cadeZ=addr ess%: ? (code%+2) 
=byte% 

CALL (codeX%+4) 

ENDPROC 


REM Frogram 3 

REM Sideways RAM siqnature 
code 

REM to implement star 
commands 

REM Stephen A. Todd. (c) 
REM *T will run code from 
2BO70 

REM and *HELP is implemented 


19823 


MODE 6: VDU22; 8202; 0750; 05 
PROCmach 


DIM buffer &7FF 


‘buf fer =24C000000 

' (buf fert+4) =8Fa2sgo14 
' (buf fer+8) =&73655401 
' (but fer+12)=&726574 
' (buf fer+16) =&29432 


FOR T#= buffer+20 TO buffer 
+&7FF 


?TL=0 
NEXT 


FOR T%=0 TO 3% STEF 3 
P%=buf fer+&14 


OFT T% 
PHP 
CMP #9 
BEQ help 
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write(X,byte). PROCmach in Listing 1 must 
be run once before using PROCwrite. ie 
PROCwrite(&8000,255) will write 255 into 
the first location in the RAM and PROC- 
read(&8000) will return the same number in 
integer variable A%, 

We can extend PROCread and PROC- 
write to a RAM testing program to ensure 
that everything is functioning correctly. 
This is shown in Listing 2. Type this in and 
run it. The program will report any errors 
that it finds. 

As mentioned before paged ROM 
software can be placed in the extra RAM 
and run with a * command. The signature 
for apaged ROM must first be placed inthe 
RAM before this can be done. Listing 3 
does this for you. Running the program, 
pressing BREAK once then typing “HELP 


(&F2) ,Y 
#&.DF 
#ASC"T" 
not_ours 


(RF2),Y 
#13 

ours 

#32 
not_ours 


&BO7O 


snot _ours 


&BOO9 ,x 
. &FFES 


#6 
rep 
FFE? 


not_ours 
] 
NEXT 


2 (but fer+k70} =&60 


CLs 

FPRINT"Writing code into 
RAM" (“Address “ 

FOR T%=buffer TO 

buf fer+&7FF 


{or *H.) will show an entry for Tester show- 
ing that the RAM is working correctly. The 
machine code that is to be run in the new 
RAM must now be placed in situ. This is 
done in the following manner: 


(i) assemble the machine code into some 
convenient USER RAM area noting its 
length. This must be done using offset 
assembly with 0% and P% (P% set to 
&8070). This is explained in the 
documentation supplied with BASIC II. 


(ii) use a BASIC FOR loop and PROCwrite 
to write the assembled machine code 
into the RAM starting at address 
&8070. 


The * command can now be called by typ- 
ing *T. An example of this is shown if you 


VDUS1,17,VPOS-1t:PRINT*28000 
+T%-buf fer 
PROCwr i te (&8000+T%— 

buffer ,?T%) 

NEXT 

“PRINT ' "Pressing BREAK once" 
PRINT“then typing +#H. 
shoutd show" 

PRINT"an entry for Tester." 


END 


DEF PROCmach 
code%=8A00: REM ar any sate 
place 

Pi=codes%+4 


Cc 


codex 
&70 
codex+t 


1 
ENDPROC 


DEF PROCwrite (address%,bytez%) 
'caode=addressi: 7 (codex+2) 
=bytex 

CALL (code%+4) 

ENDFROC 


REM Program 4 
REM Stephen A. 
REM *T will run the 
following code 
REM which exists at 
&2BO70 onwards 


Todd. (c) 1983 


REM note: 
must be run first 


program three 


FPROCmach 
DIM buffer 255 
-P2=buFf fer 
C OFT O 
LDA #ASC"Y" 


JSR &FFES 
LDA #ASC"o”* 
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run Listing 4 after running Listing 3. Most 
of the utilities provided in the computer 
magazines can be placed in this RAM and 
be automatically protected from 
spurious memory writes. 

Listing 3 can be extended to cope with 
more than one star command and distin- 
guish between them. Thus more than one 
utility can be present at one time called by 
different star commands. The reader is left 
to experiment with this. PROCread can be 
used to read out the RAM into memory 
after the readers new star commands are 
added which can then be saved on tape or 
disc. The RAM can be rewritten using 
PROCwrite at the beginning of a program- 
ming session so that your favourite and 
most useful utilities are always present and 
are accessed by a simple star command.@ 


&SFFES 
#ASC"u" 
&FFES 
#32 
&FFES 
#ASC"t" 
u&FFES 
#ASC"y" 
&FFES 
#ASC"p" 
&FFES 
#ASC“e" 
&FFES 
#ASC"%d" 
&FFES 
#32 
&FFES 
#ASC Oe" 
&FFES 
#ASC"T* 
&FFES 
w1s 
&FFES 


| 


MODES 

PRINT"Writing code into RAM"*’ 
FOR T%=buffer TO buffer+255 
PROCwr ite (&8070+T%—-buf fer, ?TA) 
NEXT 

PRINT"Try typing *T now" 


END 


DEF PROCmach 


code%=%A00:REM or any safe 
piace 


Pr=code%t+4 


C OPTO 
LDA &70 
FHA 
LDA &71 
PHA 
LDA code% 
STA &7O0 
LDA codex+1 
STA &71 
LDY #0 
LDA #12 
STA &FESO 
LDA codex+2 
STA (&70),¥ 
PLA 
STA &71 
PLA 
STA &70 
LDA #252 
LDX #O 
LDY #&FF 
JSR &FFFA 
STX &FESO 
RTS 

} 

ENDPROC 


DEF PROCwrite(addressi byte) 
'code*=addressi%: 7 icode%+2) 
=bytex 

CALL (code%+4) 

ENDPROC 
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REVIEW | 
Users of Z80 and 6502 based ijchines are stuck 7 
operating systems such , 


says S. M. Gee, i in 


Regular readers cannot fail to have noticed 
that E&CM's very own computer project 
makes a feature of being 6809-based and 
capable of running the FLEX operating 
system. These are indeed two very good 
reasons for being interested in any com- 
puter! However, if you don’t fancy putting 
together your own system then you will find 
this review of the Concept 09 machine, a 
very high quality factory-built 6809/FLEX 
system, particularly relevant. 

While the majority of the computing 
community get by using microprocessors 
of the Z80 and 6502 type and are forced to 
use operating systems such as CP/M, a 
privileged (wise?) minority have been using 
the 6809 running FLEX. There is little point 
in starting an argument over the merits of 
one microprocessor or operating system 
over another — the best is always the one 
that you know most about. However, this 
said | would claim that the 6809/FLEX 
combination has so many advantages that 
it is difficult to see why anyone is prepared 
to accept second best! 

Seriously though, the 6809 is a powerful 
8/16-bit microprocessor that is easy to 
program in assembler and provides a use- 
ful compromise between the sophistica- 
tion of full 16-bit micros and the economy 
of the eight-bit family. The FLEX operating 
system is well-designed, logical and user- 
friendly. Neither FLEX nor the 6809 are 
newcomers to the microcomputer scene 
— indeed FLEX was available on the 6800 
at about the same time that CP/M —so you 
may be wondering why 6809/FLEX users 
are in the minority? The answer is mainly a 


se , 2 
IS eviews obthe 6809 


historical accident. The first widely avail- 
able microprocessor was the Intel 8080 
and the first operating system for it was 
CP/M, and being first counts as nearly 
everything when it comes to micros. 
Another reason for the lack of 6809 users is 
the shortage of really good, economically 
priced systems. Again the reason for this is 
to be found back in the early days of com- 
puting. One of the first micro systems of 
any sort was the S50 bus 6800 made by 
SWTPC. At the time the S50 bus was a 
serious rival to the now well known S100 
bus standard and there were and still are a 
very wide range of plug in cards for the 
system builder. However, along with its 
advantages the S50 bus carries some 
serious disadvantages. Firstly the early 
S50 systems produced by SWTPC were 
very cheap but the quality was hardly pro- 
fessional. Other manufacturers, notably 
Gimix in the USA, produced very high 
quality hardware but with short production 
runs and, perhaps in something of an over- 
reaction to the poor quality of the SWTPC 
systems, the cost was very high. Thus in 
the minds of many users the 6809 tends to 
be equated with either very low-cost, low- 
quality machines or extremely high quality 
very high cost machines! It seems that 
what is missing from the 6809 market is a 
reasonably priced professional quality sys- 
tem and this is where the Concept 09 
comes in. 


System specification 


The Concept 09 is a single board com- 
puter, that is it is not based on the S50 bus, 
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which tries to supply everything you need 
in one box. The only extra that you have to 
supply to get started is a VDU — but if you 
don’t want to use a separate VDU thereisa 
model available with built-in keyboard and 
display. The standard unit provides 64k of 
4116 dynamic RAM but, as with all 6809 
systems, some memory space has to be 
given over to I/O ports and so 56K is the 
maximum usable RAM. 

A 2K monitor in EPROM provides many 
of the services that the FLEX operating 
system needs, along with a simple memory 
examine and modify command. The 
monitor makes no attempt to be a machine 
code debugging facility because once you 
have FLEX you have access to one of the 
best machine code debuggers available, 
DEBUG (see later). As well as the 6809 
CPU, the single PCB contains three 6821 
PIA’s , one 6840 timer and a 1791 disc con- 
troller. Two of the PIA’s are used to provide 
four eight bit plus 2 handshake parallel 
ports. One of these ports can be used to 
drive a sentronics type printer interface; the 
others can be used for general interfacing, 
experimentation etc. The third PIA is used 
to provide additional disc control lines 
such as drive/density/side select. The disc 
controller itself will handle single and 
double density five and eight inch discs. 
The standard unit comes with a pair of half- 
height five inch drives with 80 track and 
double sided drives optional. Using stan- 
dard 40 track single sided discs gives 175K 
of storage per drive. Double-sided and 80 
track drives increase this to 700K per drive 
so there is plenty of storage without having 
to go to eight inch drives. Also the system 
can handle a maximum of four drives 
although this is a rare configuration. Of the 
three 16-bit timers in the 6840, two are 
dedicated to system use and one is free for 
user applications. The 6850 provides the 
serial port to drive the VDU. The baud rate 
is software selectable from 50 to 19200. An 
additional RS232 port can be added as an 
optional extra. 


Design features 


The hardware specification of the Concept 
09 makes it a fairly full function 6809 sys- 
tem. Most S50 bus machines costing twice 
the price of the Concept 09 have very simi- 
lar specifications. The overall quality of 
construction is very high with the main 
PCB and a switch mode power supply 
mounted on the base of a very solid steel 
case. The twin half-height disc drives are 
mounted across the top of the case, so 
obscuring half of the main PCB. Ventilation 
is taken care of with a miniature fan 
mounted to the rear. The parallel and serial 
ports are also brought out at the rear of the 
case. Overall the Concept 09 is a simple 
straightforward design with no unneces- 
sary frills. 


e ape 
Compatibility 
The Concept 09 isn’t an S50 bus machine 
but its software compatibility with such 
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Processor 


Memory 


1/0 


Disk 


machines will be an important question for 
anyone looking for an economical replace- 
ment for existing and ageing S50 bus 
equipment. Software compatibility is 
mainly determined by the layout of the 
memory map. The Concept 09’s I/O block 
starts at $£000 which is standard for FLEX 
systems. However, instead of being 
divided ‘ports’ of 4, 8 or 16 addresses, each 
I/O device occupies memory from $Ex00. 
So, for example, the first PIA is at $E000, 
the second is $E100, the 6840 timer is at 
$E200, and so on. This means that any 
program that tries to do direct I/O bypas- 
sing the FLEX operating system will have to 
be modified before it works on the Concept 
09 — but in practice this should be a very 
small problem as all the best programs use 
FLEX anyway! The monitor supplied 
occupies a different position in memory to 
either of the two most popular monitors ie 
SBUG and GIMIXBUG and so there is no 
compatibility at this level. However, the 
Concept 09’s monitor entry points are fully 
documented and they are as useful as any- 
thing in SBUG or GIMIXBUG. 

If you look at the 09’s memory map 
then you will see that as far as FLEX is con- 
cerned the Concept 09 is a very standard 
machine. | tried running programs that 
were developed on my own SWTPC 
sytstem some time ago and they worked 
first time. Although the five inch discs 
supplied with the system can be used with 
80 track double-density the systems for- 
matting program will generate a range of 
different formats including 35 track, single- 
sided, single-density discs which are ideal 
for data transfer to other FLEX systems. 
There must be very few FLEX systems that 
cannot read this disc format on a five inch 
disc and this should be compared to the 
current confusion of formats on other sys- 
tems. Unless you have a program that 
makes direct reference to an I/O port or 
uses some facility of a specific machine 
monitor then you should find that your old 
$50 programs work without modification 
on the Concept 09. 


Software 


The Concept 09 will run any software that 
is available under the FLEX operating 
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Concept 09 at a glance 
6809 


64K dynamic RAM 
2K monitor. 


6821 PIA (3), 6850. 


40 track, single sided (2) 
175K storage per drive. 


system so this section applies to all 6809/ 
FLEX systems! One of the main worries of 
anyone considering leaving the CP/M 
world is whether or not FLEX users have 
access to the same amount of software. 
The obvious answer is that CP/M has so 
many users compared to FLEX that it wins 
on the number of specialised software 
packages that are available. However, 
FLEX certainly doesn’t lack any of the 
standard systems and _ applications 
packages and FLEX software is usually ofa 
higher quality than CP/M. The reason for 
the higher quality software under FLEX is 
not at all obvious but it may have some- 
thing to do with the use of the very logical 
6809 assembly language and the fact that 
FLEX itself is easy to use. FLEX is a small 
single user, single tasking operating 
system taking only 8K of memory to pro- 
vide sequential and random access files. 
All of the system commands are disc resi- 
dent. This means that they only use RAM 
when they are needed and can be cus- 
tomised without having to delve into the 
inner workings of the operating system. A 
very useful feature of FLEX is the printer 
spooling system. FLEX printer spooling 
allows text files to be entered into a ‘print 
queue’. Each file in the print queue is sent 
to the printer while the rest of the system 
can be used as normal. In this sense FLEX 
is a limited multi-tasking operating system 
in that it will handle one user task and one 
printing task at the same time! 

It is impossible to give a complete list of 
FLEX-based software (you can get a good 
idea of the more specialised software 
range by looking at an issue of ‘68’ Micro 
Journal, an American magazine dedicated 
to the 68xxx range of micros) but it is worth 
mentioning a few of the more important 
items of software. If you are planning to use 
the Concept 09 as a software development 
system then there is an excellent range of 
software. The standard TSC macro 
assembler serves for most assembly 
language development and by using 
macro libraries it can be used as a cross 
assembler for the 6800, 6801, 6805, 6502, 
Z80, 8080 and 8085. If you need to develop 
larger assembly language programs then 
you can use the TSC relocating assembler 
and linking loader. A cross assembler pro- 
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ducing 68000 machine code is also availa- 
ble. There are a large number of debugging 
aids including a wide range of dis- 
assemblers and simulators. The most use- 
ful debugging aid is TSC’s DEBUG 
package. This allows 6809 machine code 
to be run in a completely controlled envi- 
ronment very similar to that provided by an 
interpreter. Indeed the best way to 
describe DEBUG is to say that it is an 
interpreter for 6809 machine code. As far 
as high level languages are concerned 
there are no shortages of good software. 
TSC BASIC and Extended BASIC are 
similar to Microsoft BASIC and very fast. 
There are various implementations of Pas- 
cal, C and a Fortran 77 compiler and Forth. 
For the prospective business or office user 
applications packages include a number of 
excellent text processors, spelling, mailing 
list, data base and accounting packages. 
This short list of software should at least 
convince you that FLEX and hence the 
Concept 09 can be used in any of the appli- 
cations areas that you might find CP/M. 


Hardware expansion 


The Concept 09 isn’t really designed to be 
expandable in the same way that a tradi- 
tional S50 bus system or E&CM’s own 
6809 machine are. However, most of the 
internal bus signals are available by way of 
the spare EPROM socket on the main logic 
board. A range of plug-in peripheral cards 
can be added to the machine using this 
method. The biggest restriction on the cur- 
rent design is the lack of any memory 
management. Many 6809 CPU cards use 
various forms of memory management to 
extend their addressing range and allow 
multi-tasking multi-user operating 
systems such as UniFLEX to be used. It is 
possible to imagine ways in which such 
memory management could be added to 
the Concept 09 by using its spare PIAs but 
for the time being the single user Concept 
09 is all that is available. (The multi-tasking 
operating system OS-9 is promised in the 
near future as an alternative to FLEX). 


Conclusion 


If you need a good quality and economi- 
Cally priced 6809 system then the Concept 
09 is worth looking at. It has all the features 
required of a full-function but standard 
FLEX system. My only criticism, and it is a 
very minor one, is the lack of any real provi- 
sion for hardware expansion within its box. 
The Concept 09 is a pleasure to use and | 
have no doubt that it will help enlarge the 
size of the 6809/FLEX user community. 
The Concept 09 is available from Micro 
Concepts, 8 Skillicorne Mews, Queens 
Road, Cheltenham, GL50 2NJ (Tel: 0242- 
510525). A number of models are available 
offering different disc formats. The one 
reviewed (with dual 40 track single sided 
disc drives) costs £995 plus VAT. The same 
model complete with VDU costs £1850 
plus VAT. a 
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Disc Doctor 


(BBC Models A and B) 
Computer Concepts 


This ROM plugs into one of the side- 
ways ROM sockets on the BBC 
Micro and offers a number of 
extremely useful features to the disc 
owner. Before installing the ROM, it 
is important to note that Disc Doctor 
is only guaranteed to work with the 
Acom DFS ROM, and it is reported 
not to work with any version of the 
Watford DFS prior to version 1.2, or 
with any version at all-of the Amcom 
DFS. 

Typing “HELP DISC with the ROM 
installed will cause the ROM to print 
out a DFS-style list of all the com- 
mands available to it and the 
required syntax for each. Most com- 
mands have a number of para- 
meters, some optional, and all are 
invoked by a “ command, followed 
by the utility name and the requisite 
parameters. 

The commands offered and their 
effects are as follows: 

“DIS which invokes a symbolic 
disassembler, and allows the user to 
examine the contents of memory in 
6502 mnemonics. Also displayed 
are the addresses concerned, the 
machine code in Hex and, if rele- 
vant, the ASCII representation of 
each byte. You may state the start 
and end addresses of the dis- 
assembly, plus an offset which 
makes the disassembled code 
appear as if it were located at this 
offset address. In teletext mode, all 
this output is arranged in neat 
columns with different colours for 
each field. Pressing certain keys 
allows various options to be taken; 
‘space’ causing the disassembler to 
follow jumps, B going back in the 
disassembly by one byte, C only fol- 
lowing jumps that do not lead into 
the language or operating system 
ROMs, D causing the output to be 
expressed as data bytes rather than 
6502 mnemonics and M reversing 
this option. Also available are F 
which causes the disassembly to be 
continuous, and S which prints out 
one instruction per keypress. 

*DISCTAPE allows programs to 
be transferred from disc to tape 
without all the tedium normally 
involved in this process. It proves 
very useful if all the files to be trans- 
ferred have different names, but 
could not cope with our intended 
transfer of Acomsoft FORTH to 
disc, as all the files on the cassette 
are called FORTH. Thank you 
Acom!! 

*DOWNLOAD loads a named file 
and moves it to a specified address. 
This is very useful for relatively targe 
programs that will run out of room if 
Basic’s PAGE system variable is not 
reset from 1900 to E00 before run- 
ning. 

*DSEARCH will search any 
specified or defaulted part of a disc 
for an ASCII string, in a particularly 
fast way. If the string is found then 
the DZAP disc editor (description 
following) is invoked. The drive 
number, track and sector numbers 


SOFTWARE 
REVIEWS 


Adam Denning reviews a selection 
of the latest utility software. 


are displayed at all times. It was 
interesting to find that some discs 
that were formatted using the Torch 
Z80 disc pack gave ‘wrong disc 
size’ errors under this command. 
This is because the formatting pro- 
gram in the Torch pack is not quite 
right. 

*DZAP is the interactive disc 
editor, and allows the user to selec- 


user to alter the contents of a 
specified red function key. 

*FIND will list all the line numbers 
in which @ specified string is found. 
This string can include Basic 
keywords, but these must be 
entered in the internal BBC 
tokenised form, as this is how they 
are actually stored in the machine. it 
can only be used on Basic pro- 


AROM baved utility program 
forthe BRC micro 


tively alter parts of a disc. The con- 
tents of a particular sector are dis- 
played on the screen and the user 
may move the cursor through these 
bytes, changing the contents as he 
goes. The new contents can be 
entered in a number of forms, 
including ASCII, hex and decimal, 
and if a change has been made then 
an attempt to move off that altered 
sector will cause the ROM to ask if 
the user wants to save the altera- 
tions back to disc. Pressing ‘Y’ to 
this prompt will do so, any other key 
leaving the disc as it was. This is 
very useful, as it means that one can 
become familiar with the system 
before doing anything destructive. 
*EDIT is one of the less useful 
functions, and simply allows the 


62 - ELECTRONICS & COMPUTING MONTHLY 


grams. 

*FORM is a very useful formatting 
program which when held in ROM 
rather than having to be loaded from 
disc means that its use will not cor- 
rupt any programs already resident 
in memory. it is comforting to know 
that this program actually works. 
After formatting the specified disc 
with the specified number of tracks, 
the program then asks the user if he 
wants to verify the disc. Itis safest to 
reply ‘yes’, and it only takes a few 
seconds anyway. This command 
can also be used to format the discs 
in a special format that gets over the 
Acorn DFS restriction of only having 
31 files per disc. 

*JOIN as its name implies, joins a 
number of specified files together, 


purely by appending one to the 
other, and storing the resultant file 
under a specified filename. 

*MENU displays a list of all the 
files on the specified disc in the 
directories + and —. As very few 
people use such named directories 
until they have installed Disc Doctor, 
initial use of this command pro- 
duces disappointing results in that 
not a lot is displayed! However, 
once the conventions have been 
adopted the command can be quite 
useful because by simply moving 
the cursor to a particular filename it 
will load and run that file. 

*MOVE moves a Basic program 
from one location in memory to 
another, and is useful for instance 
for having a number of programs in 
memory at the same time, each at a 
different value of PAGE. 

*MSEARCH is very similar to 
DSEARCH except that it operates 
on the BBC’s memory rather than a 
disc. One member of staff was par- 
ticularly impressed with the speed 
with which one could move through 
memory with the thus invoked 
editor, MZAP. 

*MZAP as with MSEARCH is very 
similar to its disc counterpart, 
DZAP. It offers the same extensive 
facilities and it is particularly 
interesting to move the cursor into 
zero page or one of the input output 
memory mapped areas, as one can 
see the computer in action. Each 
dynamic byte rapidly fluctuates be- 
tween all its values — very hypnotic! 

*PARTLOAD allows only a 
specified part of a disc file to be 
loaded into any specified area of 
memory, and although having very 
little use in Basic programming, it 
does have applications in such 
things as screen editors, word pro- 
cessors and the much loved BCPL 
language. 

*RECOVER is used mainly for 
recovering sectors directly from the 
surface of a disc. Any number of 
sectors starting at a specified track 
can be loaded into memory and 
then operated on with MZAP. This 
command is useful if you have just 
deleted a file by accident, and you 
happen to remember where on the 
disc it started. If you don’t then 
DSEARCH and DZAP may prove 
useful in locating it for you. 

*RESTORE puts specified sec- 
tors stored in the computer's 
memory back onto the disc from 
whence they came. 


*SHIFT moves a block of memory 
from one location to another, and 
only needs to exist because the 
designers of the 6502 used in the 
BBC neglected to put block com- 
mands such as the 280’s LDIR in its 
instruction set. 

“SWAP is used exclusively by the 
previously mentioned special for- 
matting arrangement, in which two 
separate directories are maintained 
on the disc so that more than 31 files 
can be saved onto it. 

*TAPEDISC does the opposite of 
the earlier DISCTAPE command, 
and simply moves a program or 
programs from cassette to disc 
without the hard work. 
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*VERIFY is automatically invoked 
by the FORM command, and simply 
checks that all sectors on a disc can 
be read properly. 

That is the entire list of commands 
offered by Disc Doctor, and it should 
prove that this ROM is going to be 
extremely useful to anyone who has 
a disc system fitted to their BBC, 
particularly if they also have the 
Acorn DFS, AD 


Toolkit 


(BBC Models A and B) 
Beebugsoft £27.00 


This EPROM from Beebugsoft is yet 
another sideways ROM for the BBC 
machine, and is intended to help 
Basic programmers develop and 
debug their programs. It comes 
from a BBC User Group called 
Beebug, so one should hope that 
the facilities are not only useful, but 
they also work. 

The toolkit costs £27.00, and 
comes in a large library case with a 
small 32 page manual. A whole host 
of commands are offered, and the 
manual describes each one in 
reasonable detail, although it does 
seem to assume that the user is very 
familiar with both BBC Basic and 
the Operating System. 

A brief resume of the commands: 

“CHECK: used to verify programs 
and files in memory with those 
saved on disc or cassette. 

*CLEAR: this command will clear 


all the variables in a Basic program 
in a similar way to Basic’s CLEAR 
command, but it also clears the 
integer variables, A% to Z%, setting 
them to Zero. 

“EDIT: potentially the most useful 
command of the lot, this invokes a 
screen editor in Mode 7. This editor 
only works on a Basic program, 
which must be in memory before 
typing “EDIT, and offers cursor 
movements all over the place, anda 
few insertion and deletion com- 
mands. Calling this a screen editor 
is a bit of a cheek, as real screen 
editors do much more. ‘EDIT is a 
cross between the BBC’s own 
editor and that of Wordwise, and 
unfortunately only marginally more 
useful than either. 

“FREE: this command causes the 
amount of memory left to Basic to 
be displayed, as well as the current 
program size and the values of 
PAGE, LOMEN, HIMEN and TOP. 

*“MEMORY: this command is 
entered with up to two parameters, 
the start and end addresses, and 
displays the memory between these 
points in both hexadecimal and 
ASCII. Another way of doing this for 
those who have Acorn DFSs is to * 
SAVE the block of memory con- 
cerned and then “DUMP the file thus 
saved. 

“MERGE: this simply merges a 
program on disc or cassette with 
one in memory, without having to go 
through the tedious process 
described in the BBC User Guide. 

*MOVE: a useful command for 
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disc owners; it enables the user to 
relocate a Basic program in memory 
from one PAGE location to another. 
As the DFS resets PAGE from its 
original E00 to 1900, some pro- 
grams may be unable to run on disc- 
based systems, so by typing *TAPE 
followed by “MOVE E00, the pro- 
gram is moved to where it would be 
loaded on a cassette-based micro. 

“NEW: this is identical to Basic’s 
NEW command, except that it can 
be used in programs. Not very use- 
ful. 

*OLD: as for “NEW. 

“ON: this command causes (what 
Beebug describe as) an ‘enhanced 
error reporting system’ to be 
invoked. In practice, this means that 
standard error messages will be 
printed in colour (!), and more impor- 
tantly, the screen editor mentioned 
earlier will be entered at the current 
line. As the current line is where the 
error occured, this is rather a useful 
facility and makes debugging a lot 
less arduous. 

“OFF: cancels the above com- 
mand. 

*PACK: this command compacts 
a Basic program by removing all 
redundant spaces, and if followed 
by certain option letters, it will also 
remove all REM statements and 
comments. 

“RECOVER: attempts to over- 
come the untrappable ‘Bad Pro- 
gram’ error that so infuriates even 
the most seasoned of Basic pro- 
grammers. In general, it seems to 
work well, but of course not every 
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program is recoverable. 

“RENUMBER: this is just like 
Basic’s RENUMBER- command, 
except that it also gives you the 
option of renumbering only certain 
sections of a program. It is hard to 
see the virtue of this. 

“REPORT: this is effectively equi- 
valent to Basic’s own REPORT, 
except that the line number is also 
printed. It seems fairly superfluous. 

“SCREEN: saves a screen in any 
mode to disc or tape. 

“UTIL: this is really a number of 
commands under one roof so to 
speak, as there are nine options 
available. One can search for a 
string and replace it with another if 
required, move a number of lines 
from one location to another within a 
program, list procedures and func- 
tions, print out the values of the 
integer variables A% to 2%, or list 
any other variables and their current 
values, 

This toolkit therefore has a large 
variety of at least reasonably useful 
commands, all of which work as well 
as intended. However, one gets the 
feeling that so much more could be 
done, and hopefully at a lower price. 
The EPROM uses the RS423 work- 
space, so care must be taken if you 
intend to use both the toolkit and the 
RS423. 

If Basic is still your language and 
nothing seems to work for you, it 
may pay you to give this ROM a 
home. Personally, | can’t spare the 
sideways ROM space. 

AD 
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Paged ROM for 
the BBC micro 


In part two of this prs Brian Alderwick and Peter Simpson conclude their 


description of the 


ardware associated with the sideways ROM system and 


describe the operation of their expansion board. 


The three to eight decoder ensures that 
only one paged ROM socket on the exten- 
sion board can be enabled at one time, but, 
as on the 74LS139, there is a chip enable 
input. In fact there are three enable inputs 
on the 74LS138. One of these needs to be 
high and two need to be low. In this appli- 
cation the high enable input is connected 
to Qd and the two low enable inputs are 
connected to the paged ROM area access 
signal. Thus the appropriate chip select 
line will only go low when a memory access 
is being made to the paged ROM area and 
the selected paged ROM is on the exten- 
sion board. 

A74LS245 bidirectional buffer is used to 


LISTING 1 


iF 


cst fo lie eho 


ane 
NAMES OF ALL PAGED ROMS 
A’ BBC COMPUTER 
| 
“Peter Simpson. 
es 
Brian Alderwick 
(¢) 1983 


interface between the pages ROMs and 
the 6502 data bus. This buffer serves two 
purposes. Firstly, it isolates the 6502 data 
bus from the load imposed by seven extra 
paged ROMs. Although the outputs from 
seven of the eight chips will always be in 
the high impedance ‘tri-state’, every ROM 
will still add about twelve pico-farads of 
capacitance to each data line, making a 
maximum addition of about eighty-four 
pico-farads. This extra capacitance is 
enough to cause some 6502 micro- 
processors to malfunction when it is added 
to the load already present on the data bus 
in the BBC micro, hence the use of a buffer 
to hide the extra load from the data bus 


450 REM ASSEMBLE CODE TO PRINT NAMES 
460..REM 

470 REM RESERVE SPACE FOR CODE 
480 REM 

490 DIM space 300 

500 FOR 1%=0.T0:2 STEP 2 

510. P%=space 

520 [ OPT 1% 

530 \ 

§40°\ LABEL COLUMNS 

§50 

560° ..Super dSR title 

§70.-\ 

a \ INTTIALISE CHARACTER POINTER 


STA charh 


640 \ 
650 \ GET ADORESS OF ROM TYPE. TABLE, 
660 \ TYPE IS ZERO IF NO ROM I 


oe ey \ PRESENT IN ANY PaRTICULAR SOCKET 
690 \ ADDRESS TS RETURNED IN X ANDY. 


700 os LOW-BYTE AND HIGH-BYTE 


LDA. #170 
LDX #0 

LDY #4&FF 
JSR osbyte 


STX-romtablel 
STY romtableh 


T80.\ Sp 
“790 \ SAVE. PRESENT ROM SLOT NUMBER 
800 \ 


810 


820 . 
830. \ : 
840 \ INITIALISE SOCKET NUMBER COUNTER 
850. \ pss 
860. DY #16 


870.81 DEY 
880 


“BMT 82 
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OO Ne 9360" tite. 
900. \. GET. TYPE CODE OF ROM NUMBER Y 1360 


which only sees one extra load, that due to 
the buffer itself, and this of course is very 
small. The second reason for using a 
buffer, is that it provides a means of isolat- 
ing the paged ROM output from the data 
bus when the correct conditions are not 
present. In this case the line indicating 
access to the paged ROM memory area is 
connected to the enable input of the buffer 
and the most significant bit of the latched 
value, Qd, is connected to the data direc- 
tion input. Thus when Qd is high (during 
access to sockets numbered eight to fif- 
teen) the outputs from the enabled paged 
ROM are transmitted to the data bus. On 
the other hand when Qd is low, the buffers 


LDA (romtable),Y 
300 \ IGNORE. IF ZERO 
0 


BEQ:. si 

JSR socket. 
STY romselect 
STY &F4 


1000 \ 
1010 \ PRINT ROM NAME AND VERSION 
1020. \ NUMBER 


JSR: print 
JSR: print, 
JSR: osnewl 


70°\ 
1080°.\ RESET POINTER TO-ROM TITLE 
1090 : READY FOR: NEXT. ROM 


LDA #88 

STA..charl 
LDA #&80 
STA. charh 


ON 
1160: \, TEST WHETHER ALL SOCKETS HAVE 
1170:\ “BEEN: EXAMINED 


cpy #0 
BNE sl 


1210-\ 
1220 \ RESELECT ROM WHICH WAS ACTIVE 


1230°\ ON ENTRY TO. SUPER HELP 


PLA 

STA -romselect 
STA &F4 

RTS 


1300. \ 
| 1310 \ SUBROUTINE TO. PRINT TABLE TIT 
1330 -\ CLEAR SCREEN 
1340 


LOA. #12. i 
JSR oswreh:. 
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act as inputs on the 6502 data bus causing 
minimal extra loading, but transmitting no 
information to the bus. 

When the paged ROM extension board 
is connected to the BBC micro, the soc- 
kets on the extension board itself will be 
numbered eight to fifteen and these will 
corresponmd to IC6 to 13 respectively. The 
sockets on the BBC’s circuit board will 
then be numbered four to seven with the 
non-existant sockets zero to three being 
images of sockets four to seven. Needless 
to say, the socket on the BBC board into 
which the extension board is plugged, will 
not be available to support a paged ROM. 


ahah of the paged 
ROM extension board 


Decoding for the sockets on the extension 
board is similar to that employed on the 
BBC micro, except that a 74LS138 three to 
eight decoder is used in place of the two to 
four decoder on the BBC circuit board. 
This chip accepts the three least significant 
bits of the latched paged ROM number, Qa 
tus i. to Qc, and pulls one output low for each of 
Sie % a a ee the eight possible input values. 
2 The paged ROM extension board makes 
‘SUPER HELP’ oe ~~ -*] use of all four bits stored by the 74LS163 
a Lee latch on the BBC circuit board and also the 
— al ete “a te acs. decoded address line which indicates 
bs Re oe when an access is in the paged ROM area. 
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MEMORY LOCATION (HEX) 


8000 to 8002 

8003 to 8005 

8006 

8007 

8008 

8009 to 8OXX 
80XX+1 to 80YY 
80YY+1 to 80YY+4 
80YY+5 to 80ZZ 
80Z2Z+1 toend 


The most significant bit of the latched 
value, Qd, is used to globally enable the 
sockets on the extension board when it is 
high and the sockets on the BBC circuit 
board when it is low. Extra logic, in the form 
of an OR gate, IC5, is employed to combine 
this signal with the paged ROM area 
access signal, to produce a composite sig- 
nal which is only low when Qd is low anda 
memory access is being made to the 
paged ROM area. This signal is sent back 
to the BBC circuit board to enable the 
74LS139 decoder chip, in place of the 
original enable signal which was the paged 
ROM area access signal alone. 

Acorn have thoughtfully included a com- 
mand *HELP in operating systems 1.0 and 
1.2, This command causes paged ROMs, 
which are suitably programmed, to issue a 
message indicating their presence in the 
machine. Unfortunately, not all paged 
ROMs respond to this command, Acorn 
BASIC being amongst them. This makes it 
difficult to test whether the ROM extension 
board and associated address decoding 


Jump instruction to language entry point. 
Jump instruction to service entry point. 
ROM type byte 

Copyright offset pointer 

Binary version number 

ROM title string terminated by 0 

Version string terminated by 0 

Three characters viz (C) 

Copyright string terminated by 0 

User program 


are actually working correctly. To facilitate 
debugging, the program ‘SUPER HELP’, 
shown in Listing 1, is included in this article. 
The program has proved to be a useful 
utility in its own right and gives the socket 
numbers and titles of all ROMs which the 
operating system has been able to recog- 
nise, regardless of whether or not they 
respond to the *HELP command. 

All paged ROMs conform to a fixed 
protocol which is shown in the table. 
Whenever a BREAK occurs the operating 
system scans each paged ROM socket in 
turn, ignoring images. When a ROM is 
found, which is determined by the pre- 
sence of the copyright symbol ‘(C)’, the 
ROM type number is entered into the loca- 
tion in the type table corresponding to the 
ROM socket number. It follows from this 
that the table is sixteen bytes long, with 
one byte for each possible socket in the 
BBC micro. The type bytes indicate what 
type of ROM is present, whether utility or 
language etc, 

SUPER HELP examines the ROM type 


table and for every non-zero byte the soc- 
ket number is printed and the appropriate 
paged ROM socket is selected so that the 
ROM'’s title can also be printed. The title 
always starts at address &8009. The 
address of the ROM type table is not fixed 
between different operating systems, 
hence the use of the A=170 osbyte call (’ 
FX170) which returns the address of the 
type table in the particular operating 
system in use. This allows the program to 
function properly on operating systems 1.0 
and 1.2 as well as any future operating 
systems. 

The program has been liberally com- 
mented to explain its operation and will run 
under both BASIC 1 and BASIC 2. Disc 
users may care to change line 490 to read 
‘490 space = &900’ before running the 
program. The resultant machine code can 
then be saved by the command “SAVE 
SUPER 900 +100’ and run at any time by 
using the command *SUPER. 


Conclusion 


The number of paged ROMs for the BBC 
micro is increasing rapidly at the moment 
and it will not be long — especially for disc 
based users — before a paged ROM 
extension board becomes a necessity 
rather than a luxury. This project offers the 
opportunity to construct such a board for 
less than a third of the price of its commer- 
cial equivalent and has been designed to 
be simple and reliable in operation. a 
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LETTERS TO THE EDITOR 


Send your letters to The Editor, E&CM, 155 Scriptor Court, Farringdon Road, London EC1R 3AD 


Sir, 

With reference to the review of 
the Picturesque “Editor Assembler” 
and “Spectrum Monitor” in your 
February 1984 issue, | would 
appreciate the opportunity to 
correct some errors of fact in that 
review. 

Our programs were specifically 
compared with only one other 
similar package, which is marketed 
by Hisoft, and which was quoted by 
your reviewer to have “unbeatable 
speed” and to be “far far cheaper”. 
According to Hisoft’s advertising, 
their Assembler will assemble 3000 
lines of source code per minute. On 
testing the speed of our Assembler 
with several listings of over 1000 
lines of code, an average speed of 
4500 lines per minute was reported. 
With regard to the price, | accept 
that Hisoft’s product is cheaper, but 
only by £2.00, which | would not 
describe as “far far cheaper”. 


Your reviewer described our 
Assembler as having “a rather 
minimal character set”. In fact, 
there are only 8 ASCII characters 
not available directly from the 
keyboard, which are those that 
require a double shift into the 
Spectrum's ‘E’ mode, and are some 
of the least used characters. 


Your reviewer deduces that our 
Assembler fails in its prime function, 


as “it should cause as little problem 
aa possible to its user”. The 
operation of our Assembler, in 
terms of where it stores its source 
code, and the size and position of 
its tables and buffers, is completely 
transparent to the user, and has 
been designed that way to eliminate 
user problems. 

May | also point out that from 
March 1984, both our programs will 
be supplied with Microdrive 
commands, and will be available to 
existing owners on a low cost 
exchange basis (£1.50 per 
program). The new Assembler will 
support all Microdrive, Network and 
RS232 commands and will allow 
assembly from Microdrive or 
cassette. ; 

The new monitor will also allow 
single stepping through ROM or 
RAM with a full display of Registers, 
mnemonics, stack contents and 
definable memory locations, and 
will also allow Breakpoints to be set 
in ROM routines. 

Both new programs can be 
customised to work with a number 
of Centronics printer interfaces. 

Martin J. Ridout 

Picturesque. 


EDITOR’S NOTE 

Thank you for your comments on 
last month’s review — we're always 
pleased to publish both points of 
view, 


READERS’ EXCHANGE 


A free service for readers wishing to buy, sell or exchange computer equipment. Please send your 
advertisement, clearly printer, together with your name and address to: Readers’ Exchange, 
Electronics & Computing Monthly, 155 Farringdon Road, London EC1R 3AD. 


COLLECTOR seeks very old 
British transistors, either loose or 
on circuit cards. High prices 
offered for rare specimens. Old 
transistor data books and sheets 
also wanted. Write for details 
and/or offer. Mr. Andrew Wylie, 
18 Rue de Lausanne, 1201 
Geneva, Switzerland. 


SURPLUS computer and audio 
components including complete 
pcb’s, ic’s, transistors. The lot for 
£5 inclusive of post etc. Also 
isolating transformer (S00VA) £6 
inclusive. R. Reynolds, 32 
Common Approach, Benfleet, 
Essex SS7 3LA. 


SOFTWARE to swap, all originals 
eg Jetpac, Psst, Espionage Island, 
CP Forth, Etx, Games Designer for 
Light Pen, Pool, Chuckie Egg, 
Bugaboo or Sprite routines. Write 
for details to Wilson Sinclair, 
“Gramoir”, Carslogie Road, 
Cupar, Fife, Scotland. Phone: 
Cupar 54301 after 4 p.m. 


WANTED - Ohio scientific boards; 
any of CA20, CA22, CA25, 555, 
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541, 520. C. Allfrey, Quires Green 
Cottage, Willingale, Essex CM5 
OOP. 


WANTED -— Centronics printer, 
737-1 or 737-2, in good order. 
Details to D. Loverseed, 38 South 
Parade, Bramhall, Stockport, SK7 
3BJ or phone 061-439-4841. 


IBM 3982 “golfball” selectric 
printer with parallel port 
interface. Requires software to 
run from ASCII — program 
supplied for Z80. Complete with 
several typeheads, a few spares 
and IBM manuals. Has 
mechanical fault that requires 
attention. (Runs, but letters 
misaligned), £65 to 
knowledgeable enthusiast (£50 if 
collected). Write to JDR, 
Westowan, Porthtowan, Truro. 
Do not send money until sale 
agreed. 


t 


BBC Disc Interface kit. Brand new 
£75. Ferguson video/audio 
interface kit for TX10 chassis, 
unused £20. Micronet ROM 
version 1.40 £15. S. R. Linter, 1a 
Bull Lane, Boughton, Kent, ME13 
SAH. Phone Canterbury 750600. 


Sir, 

When | corrected the tape back 
up with the tips that T. M. Lewis 
kindly wrote in, | realised that you 
could still not do more than 36500 in 
length because he has not seeded 
register IX with the start address of 
the header when saving. The 
following line must be put in as well: 
950 Data 221 ,33,34,111,17,17,0, 
175,205,194. 


John Fowler 
Newton-with-Scales, Preston. 


Sir, 

Thank your for the helpful 
projects recently featured for the 
BBC micro — in particular the 
EPROM blower and the sideways 
RAM board. There is a project | 
would very much like to see 
prepared, which would incidentally 
help the owners of other micros as 
well, namely a parallel printer buffer. 

My own particular application is 
for a BBC micro with WORDWISE 
driving a Silver-Reed EX44 
typewriter/printer via a Silver-Reed 
\/F 44 interface. However, a suitable 
buffer should serve an Centronics 
interface. When typing a number of 
documents it is very frustrating to 
have to wait for one document to be 
printed before beginning to type the 
next. But commercial buffers are 
too expensive at around £100 fora 


SONY ICF7600D synthesized 
receiver, latest model, new and 
boxed. AM, FM, SSB. Swap for 
2M transceiver, preferably 
multimode. Cash adjustment 
considered. Also consider 70cm 
rig. Phone Glasgow (041) 637 
0808. Paul Corrigan, 112 
Clarkston Road, Cathcart, 
Glasgow G44 3DH. 


ATARI ROMs, Star Raiders, 
Mountain King, River Rescue, 
tapes, controller 16K, Nukwar 
16K, Shootout at OK Galaxy 16K, 
ROMs £15, Cassette £10 each or 
will swap for Atari 850 Or Why 
Kim 0268 558037 after 6 p.m. K.S. 
Day, 96 Plumleys, Pitsea, 
Basildon, Essex. 


FOR SALE: Printer Okidata CP110 
commerciaL grade matrix printer 
(Ex BBC) Centronics and RS232 
interfaces, wired for Dragon 32 
but works most micros, with 
manuals £90. GGHOK 
Wolverhampton (0902) 69285. 
Mr. R. Keatley, 4 Himley Close, 
Willenhall, West Midlands WV12 
4Lx. 
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16K buffer. Hence the request for a 
published project. 

Thank you in anticipation. 

S. E. Wilson 

Wokingham, Berks. 


EDITOR’S NOTE | 

As you will see a software based 
print spooler for a centronics 
interface is published in this issue. 
Next month's magazine will include 
exactly what you require: a 
centronics printer buffer! 


BBC RAM board 
Sir, 

An ingerant characteristic of 
the 6502 microprocessor may 
cause some readers to have 
write problems with our RAM 
board which was published in 
the Dec./Jan. issues of E&CM. 
The 6502 read/write signal is 
still active when the data lines 
change and with certain speed 
memory chips this can cause 
corruption. 

Fortunately, the remedy is 
simple and is to obtain the 
read/write signal from |C77 pin 
8. At this pin the read/write has 
been NANDed with the 
processor clock 2, thus 
preventing incorrect data from 
being written to the RAM. 


Peter Simpson 


FOR SALE Pascal-T ROM plus full 
documentation for BBC Model B. 
Cost £68, sell £30. Phone 
Pontypool 4104 after six. 34 Afon 
Close, New Inn, Pontypool, 
Gwent. 


FOR SALE: TRS-80 Model One 
Level Two and Interface, 48K 


RAM, Monitor, Cassette Recorder, 


Software, books, Hi-Res Graphic 
Unit. Sell for £450. Also BBC 
Model B Modem with Micronet 
software, sell for £50. Also 3 BBC 
games, swap for any joystick 
compatible games for BBC B. 
Phone 061 368 7145. David 
Boden, 41 Silverton Close, 
Hattersley, Hyde, Cheshire SK14 
3DG. 


ETI/POWERTRAN Cortex 
Computer. Fully useable 64K 
RAM — expandable to 1 Meg — 
plus 16K screen RAM. Uses Texas 
9995 16 bit MPU. Ideal rea! time 
R+D/Contro!} or business use. 
Bargain £250. Tel: Chorley 
(02572) 69172. Mr. M. Flanagan, 
118 Wymundsley, Astley Village, 
Chorley, Lancs PR7 1UT. 


CENTRONICS ASCII 779 Dot- 
Matrix Printer, V.G.C. c/w. a 
second printer for spares and 
workshop manual £100. Bill 
Coombes, 33 Clarence Park Road, 
Boscombe, Bournemouth. Tel: 
0202 424092. 


THE MAPLIN TALK-BACK 
for ZX81 and VIC20 


Now your computer can talk 


*Allophone (extended phoneme) system gives 
unlimited vocabulary. 

* Can be used with unexpanded VIC20 or ZX81 
— does not require large areas of memory. 

* In VIC20 version, speech output is direct to 
TV speaker with no additional amplification 
needed. 

* Allows speech to be easily included in 
programs. 

Complete kits. Order As: 

LKOOA (VIC20 Talk-Back). Price £22.95 

LKO1B (2X81 Talk-Back). Price £16.95 

Full construction details in Maplin Projects 

Book 6. Price 70p. Order As XAO6G. 


SOUNDS GENERATOR 
FOR ZX81 


3-Programmable tone generators with 
programmable attenuators turns your 2X81 
into a mini-synthesiser. 

Noise generator with 3 pitch levels enables the 
creation of most special effect sounds. 
Single address access via BASIC with PEEK 
and POKE. Connects directly to expansion 
port socket or motherboard. 

Complete kit. Order As LW96E. Price £10.95. 
Full construction details in Maplin Projects 
Book 5, Order As XAO5F, Price 70p. 


ZX81 INPUT/OUTPUT PORT 


Two bi-directional ports for a total of 16 input or 
16 output lines. 

Includes one buffered output which can 
interface directly to CMOS. 

On board address selection allows for 
expansion to 6 ports with two boards. 
Complete kit. Order As LW76H. Price £9.25 

Full construction details in Maplin Projects 
Book 4, Order As XA04E. Price 70p. 


MODEM 


A CCITT standard modem that connects 
directly to your telephone line via a B.T. 
approved transformer. Transmits and receives 
simultaneously on European standard 
frequencies at 300 baud. May be used to talk to 
any other 300 baud European standard modem 
including the Maplin Computer Shopping 
modem on 0702 552941 and any 

British Telecom Datel 200/300 Service modem. 
The modem’s computer interface is 

RS232 compatible 

Acomplete kit excluding case is available. Order 
As LW99H. Price £39.95. 

Full construction details in Maplin Projects 
Book 5, Order As XAO5F. Price 70p. 


Keyboard with Electronics for 
= ZX Spectrum 

=| Talk-Back for Oric 

=| Hi-Res Graphics for ZX81 

=} Extension Board for VIC20 
Low-Cost 1K Extension RAM 
TTL to RS232/Modem Interface 


Full construction details of all 
above in Maplin Projects Book 9. 
Order As XAO9K. Price 70p. 


Modern Interfaces (RS232) for 
Spectrum and Dragon 32 
Versatile I/O Ports for Dragon 32 


Full construction details in Maplin 
Projects Book 8. 
Order As XA08J. Price 70p. 


KEYBOARD with 
ELECTRONICS for ZX81 


Full size, full travel keyboard that's simple to 
ad to your ZX81 (no soldering in ZX81). 

* Complete with electronics to make "Shift 
Lock”, “Function” and “Graphics 2” single 
key selections. 

* Powered (with adaptor supplied) from ZX81's 
own standard power supply. 

Full details in Project Book 3 (XAQ3D). Price 70p 

Complete kit (excl. case) £23.95 

Order As LW72P. 

Case £4.95. Order As XG17T. 

Ready built-in case £32.50. 

Order As XG22Y. 


ZX81 TV SOUND 


2X81 sound on your TV set. 

Video reversing switch for normal or inverse 
video display. Can be used withthe Talk-Back or 
Sounds Generator kits. 

Complete kit. Order As LKO2C. Price £19.95. 
Full construction details in Maplin Projects 
Book 6. Order As XAO6G. Price 70p. 


ZX81 EXTENSION BOARD 


Our ZX81 Extendiboard plugs directly into the 
ZX81 expansion port and will accept a 16K RAM 
pack and three other plug-in modules 
simultaneously. Parts are sold separately as 
follows: 

PCB Order As GBO8J. Price £2.40. 

Edge Connectors (4 needed) Order As RK35Q. 
Price £1.96 each. 

Track pins (1 pack needed). Order As FL82D. 
Price 85p per pack of 50. 


INTERFACES for MODEM 


Interfaces for most popular home computers 
which do not have RS232 ports will be available 
shortly. Interfaces for the ZX81 and VIC20 that 
include a complete Machine Code Communica 
tions Program are available. Order AS LKO8J 
(ZX81 Modem Interface Kit). Price £24.95 
Order As LK11M (VIC20 Modem Interface Kit) 
Price £9.45 

Full construction details in Maplin Projects 
Book 7. Order As XAO7H. Price 7Op. 
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EDITORIAL 


Reaction to the first issue of Your Robot has been very favourable, indeed in view of the 
interest shown in the magazine we have decided to publish it monthly. Hence the earlier 
than schedules second issue of Your Robot that you're now reading. 

We're also making Your Robot available on subscription - page 5 carries the 
details. 

Plans for future issues of Your Robot are well advanced and include a series of 
articles describing the construction of a low cost, mobile robot complete with manipu- 
lative arms, 

In next month’s issue we are to launch an exciting competition with valuable prizes 
and a grand final in London later this year. 

Your Robot is definitely THE magazine for anyone with an interest in the field of 
robotics. 


American activity 


A report on the American robot market appears elsewhere in this 
issue of Your Robot and from this it is apparent that there is plenty 
of robotics hardware available in the States. Many of these 
devices are becoming available in the UK — Hero has been here for 
some time while Topo has just been launched. The RBS5X, a very 
impressive little robot, is also to be imported by CGL in the near 
future. 

All this activity tends to confirm the opinion that 1984 will be 
the year of the robot. 


In next month’s issue — the low down on control languages 
and the ‘birth of a robot’. 


Editor: Gary Evans 

Assistant Editor: William Owen 

Contributing Editors: Gary Herman, 
Peter Matthews, Richard Moyle 

Telephone: 01 833 0846 

Advertising Manager: Clare Fullerton 

Executive: Richard Jansz 

Classified: Andy King 

Telephone: 01 833 0531 
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BUILDING A ROBOT? 


Then take a look at our MK39 & MK49 
Micro-controller Boards 
MK39 — 12 I/O lines, interrupt, 8 bit timer, 2 testable inputs. 4K program 
memory, 128 byte or RAM, Epoxy-Glass PCB, Plated through holes. 
Size: 4.5" x 4,5" 


MK49 — As above but with: 32 I/O lines, 384 bytes of RAM, 8 & 14 bit 
timers, Serial I/O. Size: 4° x 3” 
IDEAL FOR OEM USE: 


Both boards have pin connector input/ outputs, Available in kit form or fully 

built and tested. Complete with instruction leaflet and circuit diagram. 

MK39 £39.50 (Kit) £49.50 (Built) — MK49 £59.50 (Kit) £79.50 (Built) 
All prices exclusive of VAT 15% and p&p 50p 


For larger control applications try our 
Fry access WELCOME INTERAK 1 19” Rack & Card System. 


MK ELECTRONICS 
98A WATLING STREET, TOWCESTER, NORTHANTS. NN12 7BT 
Telephone: (0327) 50292 
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* THE 19864 
GREENWELD CATALOGUE x 


NOW AVAILABLE!! 


{t's Bigger, Brighter, Better, 
more components than ever before. With 
each copy there's discount vouchers, 
Bargain List, Wholesale Discount List, Bulk 
Buyers List, Order Form and Reply Paid 
Envelope. All for just £1.00! Order now for 
early delivery. 


“THE SENSIBLE 64” 


David Highmores new book on the 
Commodore 64 now available £5.95 


NICAD CHARGERS 
MOTORIZED GEARBOX £5.95 | versatile unit for charging AA, C, D and PP3 


These units are as used in acomputerised - es 
tank, and offer the experimeter in robotics batteries, Charge/test switch, LED indicators 


the opportunity to buy the electro- at each of the 5 charging points. Mains 

mechanical parts required in building re powered. 210x100x50mm £7,905, 

more reat vehicles. The unit has 2 % Model A124. Unit plugs directly into 134 
motors, linked by a magnetic clutch, thus F 

enabling turning of the vehicle, and a Socket and will charge up to 4 AA cells ata | 

gearbox contained within the black ABS time. Only £4.80 


housing, reducing the final drive speed to 
approx 50rpm. Data is supplied with the unit | NI-CAD BATTERIES 


showing various options on driving the | AA size 99p each; C size 199p; D size 220p 
motors etc. Suitable wheels also available: : ppg size 395p. 


3” Dia plastic with black tyre, drilled to 

pust-fit on spindle. 

Bor £1.30 {limited aty.) PRECISION PCB DRILL 

3” Dia, aluminium disc 3mm thick, drilled Small size, 35mm dia x 165mm long. 12V 

to pustrfit on spindle. 2 for 68p. operation. Supplied with collett + 1mm bit 

STABILIZED PSU PANEL =. 8°90RPM. Only £7.50 

A199 A versatile stabilized power supply | 5mm RED LED SCOOP !! 
with both voltage(2-30V) andcurrent(20mA- - Ful) spec brand new devices at a low, low 
2A) fully variable. Many uses inc bench PSU, price! 25 £1.95; 100 £6, 250 £13.50; 1000 
Nicad charger, gen. purpose testing. Panel ¢39 50, 


ready built, tested and calibrated, £7.75. 
Suitable transformer and pots £6.00, Full BULK BUYERS LIST 
Send for our latest wholesale list- IC's fram 


data § lied. 
ete SURES 5p, R's £2/1000, transistors 2%ap, C's Bp 
ZX CONNECTORS etc, Bargains galore. 


23way double sided for ZX81 
RIBBON CABLE 


28way double sidedforSpectrum... 
Both gold plated and polarising key Special purchase of multicoloured 14 way 


Components for most projects in this ribbon cable - 40p/metre; 50m £18; 
Magazine available - ask for quote. 100m £32; 250m £65. 


ALL PRICES INCLUDE VAT; JUST ADD 60p POST 


GREENIWELD 


443H Millbrook Road, Southampton SO1 OHX 
OUR SHOP HAS ENORMOUS STOCKS OF COMPONENTS AND IS OPEN 
9.00-5.30 MON-SAT COME AND SEE US SOON !! 


ROBOTICS 


6502 MICROCONTROLLER 
* Interfaces to BBC computer with 
software UART 
* 65C02 CMOS microprocessor 


* Low power consumption — can be 
battery powered 


mm ii: i> 


* 3x 2K byte-wide memory sockets 


Ww nec He 


* MHz ceramic resonator clock 


* 6522 VIA — 2x 8 bit I/O ports, 
2 timers, shift register, 4 control lines 


* Autostart feature 
Assembled and tested (inc. manual) £69.99 
Bare board (P.T.H.) £16.99 


TECHNICAL MANUAL Complete documentation — £2.50 
(inc. postage, no VAT) 


6502 MICRO CONTROLLER 


: 
ry 
: 
* 
* 
: 


MONITOR EPROM £14.99 
Commands:— Memory — Load, Fast Load, Programme — Run, 
Step (display registers). 
Programmes assembled on the BBC are downloaded via the 
RS423 port. 


MOTHER BOARD £18.99 Bare board £4.99 
Contains edge connector, reset switch, —5V converter, 
RS423 level converter, power lead, signal lead and plug. 


BBC VIA BOARD £24.99 
Adds an extra 6522 VIA (inc, 34 way cable) V.B, This item is not 
required for use with the above. 


Mail order only..P & P £1.50 
Cheques, postal orders payable to:— Nikam Electronics Ltd., 
25 Suffolk Drive, Lacey Green, Wilmslow, Cheshire SK9 4DE 


Prices include VAT. Please allow 28 days delivery. 
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Beasty is a small, rugged unit, that allows direct computer control 


of servo motors. Ken Alexander has the details. 


Sooner or later, anyone interested in the 
practical side of robotics will come 
across the need to exercise computer 
control over motorised systems. There 
are many different types of motor avail- 
able to the robot builder and the choice 
of unit for a particular application is criti- 
cal if the assembly is to perform as pre- 
dicted. Of the various types available, 
many require specialised drive circuits 
to provide the correct control voltages — 
seldom anything as simple as a steady 
DC voltage. Your Robot will, in the near 
future, publish an article describing the 
various motor types and indicate their 
suitability in various applications as well 
as describing any special drive require- 
ments of specific motors. Of the various 
motor designs however one of the most 
important is the servo, 


Essential feedback 


A servo unit consists essentially of a 
high quality motor driving acam by way 
of a set of gears that also turns an 
integral potentiometer. It is the potentio- 
meter, or pot, that provides the essential 
ingredient of many robot systems-feed- 
back. The pot’s wipers are connected to 
a steady DC voltage which causes an 
analogue voltage corresponding to the 
pot’s (and hence the cam’s) position to 
appear at its wiper terminal. 

A grossly simplified view of a servo 
mechanism’s operation would be to 
assume that the computer controlling 
the servo first accepts a number corres- 

| ponding to the desired position of the 
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servo. The computer would then com- 
pare this with the physical position of 
the cam as indicated by the voltage 
appearing on the pot's wiper. The next 
step would be to apply a voltage of the 
correct polarity to the mechanism’'s 
motor while continuously monitoring 
the feedback signal. As the position of 
the cam neared the desired position, the 


power socket and one of the user port's 
lines to Beasty. The fact that control of 
Beasty is via a serial data stream means 
that there should be little to stop the link 
being implemented by a infra red or 
radio contro! channel —a very important 
consideration in many systems. 

Beasty can control up to four servos, 
each of these being connected to the 


”,,. the interactive control software allows up to four 
servos fo be simply and accurately positioned...” 


magnitude of the drive voltage would be 
reduced, allowing the motor to take up 
its station without overshoot. The 
software overhead to achieve even this 
simplified view of operation would, 
without the intervention of any 
hardware interface, be quite high and 
involve quite a lot of processor activity. It 
is these problems that the Beasty is 
designed to overcome. 


Enter Beasty 


The Beasty itself is a small, under 40 x 60 
x 20mm, black box, with a series of con- 
nectors along its top edge. The small 
size of the unit, together with the way in 
which it exercises control over the 
servos (of which more in a moment) 
would seem to indicate that its design 
owes a lot to the field of Radio Control 
electronics. 

The Beasty is connected to the BBC 
micro by a three core cable that carries 
the +5V from the micro’s auxiliary 


unit via a three wire link. Commotion 
supply a range of servos, those supplied 
with the review being the standard 
model from the extensive Futaba range. 


Software suite 


The Beasty is supplied with cassette 
based software suitable for use with OS 
versions 1.0 or greater. The first pro- 
gram on the tape is ROBOL, described as 
an Interactive Robot Controller. 

The program allows the position of 
each of up to four servos to be specified 
by a number in the range 0 to 996. Upon 
loading and running the software, the 
first line of the screen will display the fol- 
lowing 


1 JUMP 500 500 500 500 


The values shown correspond to the 
positions of the four servos. Pressing the 
1 key will increase the value associated 
with servo 1, instigating a correspond- 
ing movement of the servo, while key 0 
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Prototype of Commotion’s low cost robot arm with Beasty in control. 


will decrease the value of the number. 
Keys 2 and W, 3 and E, and 4 and R have 
the same effect on the remaining servos. 
Pressing SHIFT at the same time as any 
of these keys will cause the units to 
change position more rapidly. Having 
altered the initial values of the servos, 
pressing RETURN will store them and 
display the next program line 


1 JUMP O 996 450 600 
2 MOVE — —- —- — 


the keys described above, can now be 
used to adjust the values of this newline. 


1 JUMP 0 996 450 600 
2 MOVE 756 — 560 — 


A dash would indicate that the corres- 
ponding servo is not required to alter its 
position. 

Once a basic movement sequence has 
been built up it can be saved to the 
current filing system for later use or 
modification. 


SUBSCRIPTIONS 


We are pleased to announce that subscriptions to Your 


Robot are now available. 
To receive a copy of Your Robot every month for a full 
year will cost only £3.00. 


eo 

Refinements 

The = straightforward operation of 
ROBOL as described above can be 
augmented in a number of ways. For 
example, the MOVE command can be 
replaced by a JUMP statement by pres- 
sing fO at the appropriate line — this will 
cause the servos to move much more 
rapidly. Delays and waits can be incor- 
porated in the sequence, either explicitly 
or by modification of the parameters 
associated with the JUMP and MOVE 
commands. 


Machine code drivers 


In addition to the versatile ROBOL lan- 
guage, machine code users are catered 
for by a 256 byte, relocatable driver 
routine. 

Used from BASIC this takes the form 


X%=<servo 0-3>: 
Y%=<new position0-255>; 
CALL DRIVER 


Exploded view of a typical servo assembly. 


another refinement available from 
machine code is the option to either 
apply power to the servos continuously, 
essential if the servo is subject to a con- | 
tinuous turning force, or to power the 
device only when it is required to change 
position, thus saving power and avoid- 
ing any possibility of hunting. 


Lending an arm 


Commotion are about to launch a 
manipulative arm suitable for use with 
the Beasty and the standard Futaba 
servos. The price should make the arm 
an attractive proposition for many bud- 
ding robot builders. 


Last word 


Beasty is a well made product that 
allows computer control of servo 
assemblies without having to resort to | 
tricky software routines or complex elec- 
tronics. It should appeal to anyone 
wishing to experiment with computer 
motor control. |_| 


Send your order to: 
Your Robot 


155 Farringdon Road 


London 


EC1R 3AD 


making Cheques, POs payable to Your Robot. 
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A HISTORY OF 
HOBBY ROBOTS 


Designs for hobby robots have pi aeebecn if somewhat ey since 
i 


the 1950's. D. Maker looks bac 


In the development of Hobby Robotics 
there have been really four historical, 
stages. The first was the introduction in 
the early 1950’s of small powerful per- 
manent magnet electric motors. The 
second in the early 1960’s was the 
availability of the transistor, next in the 
early 1970's was the advent of inte- 
grated logic circuits and the fourth the 
introduction in the early 1980's of small 
powerful microcomputers. 


e e 

Getting moving 

The small electric ‘model’ motors of the 
1950’s while by no means as powerful as 
those available today, nor even as 
cheap, did allow hobbyists to make 
small electric powered vehicles. The 
magazine Model Maker in the early 
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1950's ran a series of articles by a 
Holland on how to construct various 
‘space models’. One of these ‘Mr 
Robotham’ was a two foot high ‘walking’ 
robot which had two electric motors 
driving wheels in its feet enabling it to 
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RADIO CONSTRUCTOR 


JULY 1972 


shuffle along like many toy robots today. 
Another of this series was ‘Teal’ which 
had three legs powered by an electric 
motor and this really walked. Mr. Hol- 
land later constructed a larger Mr 
Robotham which was radio controlled 
and had a mechanism in one hand 
whereby it could sign its name. 

These early machines were con- 
structed from the usual modelling 
materials of the time, that is bolsa-wood, 
ply-wood, paper clips, brass shim, 
cardboard and rubber bands which are 
all easily worked with the limited tools 
available to the hobbyist. (Unfortunately 
most people nowadays seem to over- 
look such materials which with the use 
of such modern wonders as five minute 
epoxy and cyanoacrylate super glues. 


The issue of ‘Radio Constructor’ that introduced a robot called Cyclops back in 1972. 


allow robot chassis to be made 
extremely easily). 

One other well known early robot was 
the Meccano walking (shuffling) robot 
powered by an electric motor working 
through cranks to move the legs. 


at 30 years of activity in this field, 


Peter Holland’s Teal managed a credible walking acti 


Under control 


With the introduction of transistors and 
integrated circuits second and third 
stage hobby robots could act on their 
own. The earliest published one to my 
knowledge was ‘FRED’ in Radio Control 
Models and Electronics December 1964. 
Again by Peter Holland, this was a 
simple light seeking device using two 
electric motors, two transistors and a 
light dependant resistor. The LDR was 
mounted in a tube on the top of the 
vehicle and rotated as FRED moved for- 
ward, simple mechanical switches and 
the two transistors worked to turn FRED 
in the direction of any strong light. 

In March 1969 ‘Practical Electronics’ 
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started a series on EMMA by G. C. 
Brown. This design constructed mainly 
from Meccano had two electric drive 
motors, port and starboard light sensors 
and a ‘brain’ made up from 24 transis- 
tors. As well as being able to seek out 
light ‘she’ could sense obstructions by 
monitoring motor loading. When an 
obstacle was detected, random logic 
would take over so EMMA could wriggle 
out of difficulties. A later development 
which involved doubling the brain size 
allowed the machine to be trained to 
accept higher than normal motor load- 
ings and so carry loads. 


The next to appear was probably 
‘Cybernetic Cynthia’ by L. C. Galitz in the 
Radio Constructor for June, July 1970 
but unfortunately | do not have any 


“,.. the introduction of 
transistors heralded 
third stage robots...” 


information on this machine. ‘Xee’, pub- 
lished in Practical Electronics for June 
1971 and following, was a development 
by G. C. Brown of his EMMA in its first 
stage but this time using integrated cir- 
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cuits instead of transistors. However, 


peared, a mercury switch detected 


construction was implemented the hard | bumps which caused the vehicle to turn 


way using an aluminium chassis. 
Another interesting ‘animal’ was 


the opposite way and back up a little. 
More complex was ‘Beetle’, this used 


“. «the main feature of many designs was 
phototropism, that is seeking out light...” 


‘Cyclops’ by L. V. Galitz published as a 
series in the Radio Constructor from 
July 1972. Again the main feature of its 
abilities was phototropism, that is seek- 
ing outa source of light. This was sought 
out by a photosensor in a scanning tube 


similar to that used in FRED. Obstacles 
were detected by fender bars activating 
microswitches and avoidance routines 
were built into the 31 transistor brain. 
Cyclops could be trained in a similar 
fashion to EMMA but this time the 
association was a little more complex in 
that it could either learn to associate 
magnetism with light or to associate 
magnetism with touch so two entirely 
different responses to stimuli could be 
elicited depending on training. 

1975 saw two more animals published 
in the June issue of E/ektor. The ‘Moth’ 


based on a toy lorry turned left unless it’ 
could see light to the front in which case 


it then turned right until the light disap- 


the same type of light seeking logic but 
in addition was sensitive to ambient 
light and would fall asleep for a short 
time if in the shade, a loud clap would 
awaken it. Bumps were detected by 
microswitches and it could learn to 
associate a clap with a bump and hence 
take avoiding action at a clap alone, 

Also in 1975, and coincidentally for 
June, Everyday Electronics published a 
design for a white line following vehicle. 
Unfortunately for Robot addicts that 
seems to have been that in Britain for the 
next four years. 


Resurgence 


We are now up to 1979 and in November 
Hobby Electronics started’ a series of 
articles on ‘Hebot'’ which was also 
offered as a kit of parts by Remcon. This 
surely was a turning point for to my 
knowledge never before had an elec- 
tronic robot been available off the shelf 
at least not at hobbyist prices and on this 
side of the Atlantic. Constructors were 
not slow to take advantage of this for 
before the third article in the series had 
appeared over two hundred chassis had 
been sold. 

Hebot itself consisted of a 10 inch hex- 


‘agonal aluminium base plate with two 


wheels on a diameter and fore and aft 
castors allowing it to turn on the spot. 
The drive motors and gearboxes were 
high quality model aircraft servo 
assemblies without the normally 
associated electronics and only drew 
about 150mA each so giving Hebot a 
running time of between one and two 
hours from a set of AA nicads. 

The electronic logic (obviously by now 
ICs} worked on a series of priority levels 
which could be switched round (at least 
with a soldering iron). The lowest priority 
level of activity was a random walk fol- 
lowed by two published searching 
modes, phototropism (again!) and 
inductive loop tracking. For those of you 
unfamiliar with inductive loops a long 
length of wire is laid out in the path the 
robot ought to take. Both ends are con- 
nected to a powerful signal generator 
and the vehicle tracks the wire using 
search coils connected to sensitive 
amplifiers in which detect the signal in 
the wire loop. 

At a still higher priority level was the 
obstacle avoidance routine activated | 
when objects were detected by feeler | 
wires actuating microswitches. 

The four highest priority levels were to 
be for other senses and external control 
but if anybody did any work on these 
nothing seems to have been published. 
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MERCURY 
CONTACTS 


A mercury switch can be used to initiate a 
programmed reaction if a chassis runs over a 
bump. 


The final stage three vehicle was Tim- 
bug Il in Elektor for June 1980 (June 
again, maybe its all those dark winter 
nights). Timbug II used four 555 timers, 
four transistors and two relays for con- 
trol. When it detected obstacles using 
ultrasonics it backed up and randomly 
turned right or left before continuing on 
its journey. 

This was probably the first time 
ultrasonics had been used for obstacle 
detection on a published design for a 
hobby robot. 


Review 


One thing that does stand out regarding 
these early machines is that, with the 
exception of those designed by Mr. Hol- 
land, from design and construction 
points of view most had very poor 
mechanics. 
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If a robot is going to be any use even 
as something to play with to learn about 
robotics it is essential that construction 
be reasonably sound so that it doesn’t 
keep falling over and/or bits keep falling 
off. It is not necessary to have a machine 
tool to achieve this, going back to what | 
said at the beginning wood is almost an 
ideal construction medium for hobby 
robotics, for besides being strong and 
glueable (preferably epoxy) it provides 
reasonable bearings for shafts. However 
this is a digression. (Some would say 
obsession). 

In these days when every model and 
hobby shop sells small electric motors 
and electronic components are widely 
available to the hobbyist it is difficult to 
imagine the problems that confronted 
the early robotics hobbyist, especially 
with regard to electronic components. 

In the early to mid 1960's one transis- 
tor cost on average about six shillings 
which when compared with the average 
cost of a hobby magazine of two shil- 
lings was a lot of money. Even in the mid 
‘70's a BC109 transistor still cost half as 
much as a magazine. Consequently one 
should not be surprised that these 
machines are all quite primitive in their 
capabilities. Light is one of the easiest 
things to get a machine to look for and 
light is cheap so it is not unreasonable 
that this was used to provide a goal for 
their behaviour. Also the use of light in 
this way has a historical precedent in Dr. 


Grey Walters’ experiments with elec- 
tronic animals in the early 1950's. 
Besides a goal for their behaviour all 
of these machines under electronic con- 
trol, apart from FRED and the white line 
follower, have some form of sensor for 


“self preservation 
serves a dual purpose”. 


detecting obstacles so that it is possible 
to initiate a self preservation routine. 
The self preservation serves a double 
purpose first of all it protects the robot 
and secondly, where the routine is 
simply to withdraw it, protects the en- 
vironment. 

No matter though, the sensors and 
control patterns, were built into the 
hardware all these early machines 
lacked flexibility. Once the vehicle had 
been built changing the rules for its 
behaviour meant either getting out the | 
soldering iron or building in a learning 
feature so that simple associations 
could be made, for example Cyclops 
could learn to associate light with mag- 
netism. 

With the introduction of small power- 
ful microcomputers however, came the 
opportunity to build the rules for 
behaviour into software. Hence the com- 
plexity of action of fourth stage hobby 
robots is enormous, and because of this 
| shall leave coverage of them until next 
month. 


ROBOT BUILDERS 


An Ultrapowerful 


What is a Servo? 
A Servo is a precision 
geared motor with a feed back mechanism to give positional 
accuracy. The motor rotates through 100° and allows you to twist, 
turn, push, pull, lift, lower, open, or close almost anything. A range 
of Servos are available for almost any application. 

What is the “Beasty”? 

The Beasty is an interface which connects directly into the BBC 
Micro Computer. It enables the computer to accurately control 


up to four Servos. the Beasty comes complete with all “Beasty” 
connection cables and comprehensive instructions. 
What about the Software? 49.95 


The Beasty is supplied with ao demonstration peograt Servos 

on tape which leas sophisticated control of up to f four 14. 50 

servos directly from the keyboard, in BASIC or Assembler aan 
inc 


FOR DETAILS CONTACT YOUR DEALER 


COMM@ TION 


COMPUTER OPERATED MOTION —|— 
241 Green Street, Enfield, Middx. EN3 7SJ Tel: 01 804 1378 
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Z80A MICRO-CONTROLLER 


16K or 64K RAM (56K) 
2K, 4K or 8K EPROM 
Flexible bit rate generator 


Z80A CPU 

ZB0A CTC 

4x Z80A PIO 

Real time clock 

Z80 Mode 2 interrupt response 
fully supported. 


4 channel A/D Converter 
UART with RS232 Data Lines 
Single +5v — 600 mA supply 


Why accept less for your Robot or other controller applications? The GNC 
Microcontroller is probably the most powerful and flexible system available to the 
amateur constructor. 
MCV1 — Our latest monitor now has a powerful MULTI-TASKING capability. Up to 
sixtean separate programs continuously running with an interrupt period program- 
mable in units of 64s up to 16ms. 
COMING SOON - The GNC "CUB" a new low cost MICROCONTROLLER featuring 
2K EPROM, 2K RAM, Z80A, PIO — Price expectation around £60 complete. Phone 
now for details. 
PRICES 
GNC MICROCONTROLLER 
(64K RAM, built and tested) 
Bare P.C.B. and manual 
MCV1 MULTI-TASKING monitor and manual 
Manuals can be bought separately as below (refunded against order} 

Hardware £3.50 Software (including listing) 


For further details SAE. to: 


GNC DESIGN Little Lodge, Hopton Road, Theinetham, 
Diss, Norfolk 1P22 1JN Tel: (0379) 898313 
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US ROBOTS 


Surprisingly, the level of sophistication of the 
US market in robots and associated products, is 
not far in advance of activity here in the UK. 
Gary Evans visited the Las Vegas Consumer 
Electronics Show earlier this year and reports 
on current American trends. 


The CES provides a twice yearly oppor- 
tunity for retailers and manufacturers of 
a broad range of consumer electronic 
products to gather together and, in the 
case of the winter show, for buyers to 
place orders for the products that will fill 
their shelves over the summer period. 
Of all the categories of product on dis- 
play at the Las Vegas show, compari- 
sons with previous events showed a 
major growth in the amount of compu- 
ter related merchandise available. As 
part of this growth, a number of com- 
panies were showing robots aimed at 
the consumer/educational markets. 


LJ * LJ e 
The dividing line 
Conversations with the various com- 
panies showing robots revealed that the 
market was seen as being divided into 
two, possibly three, distinct categories. 


Hubot — an example of an up-market, con- 
sumer robot. 
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Of these, the major division was be- 
tween educational and ‘up-market’ con- 
sumer products with the third, more 
nebulous, division being the promo- 
tional/entertainment robot. 

Taking each of these markets in turn, 
the educational robot is designed to pro- 
vide a useable robot chassis as a reason- 
able cost. This sort of robot is typified by 
a product range that includes a base unit 
(chassis and some basic sensors) and a 
range of add-ons that can be added to 
enhance the Robot's capabilities (eg 
manipulative arms and sophisticated 
sensors). Manufacturers of this type of 
robot also tend to pay more attention to 
the problems of controlling the robot 
and usually provide an all important 
software support facility. 

The RB Robot Corporation's RB5X is a 
good example of this sort of educa- 
tional/experimental robot although it is 
evident that this particular product over- 
laps to a considerable extent with the 
next group — the ‘up-market’ home 
robot. 

The Hubot is a typical example of this 
sort of device and here the appeal is 
much more to the “I must be the first on 
the street to have a robot” brigade. The 
marketing of this sort of product 
emphasises the ‘Executive Toy’ aspect 
of the robot with such suggested uses as 
using it to greet party guests while serv- 
ing them with a dry Martini. As part of 
this overall design philosophy, robots in 
this group often incorporate such con- 
sumer luxuries as hi-fi systems and TV 
sets and have a price tag to match their 
specification. 

The last category of robots is the 
group with the longest history — promo- 
tional robots. These robots, as often or 
not fashioned in the form of oversize 
drink cans or beer glasses, have been 
popular in the States for many years. In 
many cases, they are not endowed with 
much in the way of intelligence and are 
controlled by means of fairly standard 
radio control systems. Some companies 
in this area are however finding that 
their experience in the design and con- 


struction of chassis systems is now a 
valuable commodity. Indeed one such 
company, the Robot Factory, has now 
produced a general purpose robot 
aimed at the educational sector. 


Applications 


The current level of sophistication in 
robot design means that the general | 
purpose machine capable of washing 
the car on Sunday morning before pre- 
paring the roast dinner is still some way 
off. With the current restrictions bourne 
in mind however a few useful ideas as to 
applications are starting to emerge. 

The front runner among these is the 
use of robotics in home security. Arobot 
equipped with a smoke sensor and an 
infra red detector to establish the pre- 
sence of fire is quite possible. Adding an 
ultrasonic range finder for the detection 
of an intruder is also technically quite 
straightforward. A mobile robot equip- 
ped with such facilities with, possibly, 
the addition of a cordless telecom 
system to contact a remote authority is a 
practical proposition. Indeed, consider- 
ing-the cost of offering the same protec- 
tion throughout a building using con- 
ventional systems, the robot could 
prove to have the financial edge. 

Other applications include robots to 
take care of vacuuming the house, 
watering plants and robot nannys to 
keep the kids amused. Plenty of ideas 
and a lot of research effort could see 
many of these applications being 
accepted as common place during the 
next couple of years. al 


RB5X — A useful robot soon to be imported 
by CGL. 
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Robots-past pre 


In the second instalment of his article, Gary Herman looks at 
some of the currently available home robot systems. 


Beginners might prefer to buy one of the 
buggies or robot arms currently being 
offered at reasonable prices by companies 
catering to the education sector. The 
simplest buggy available is Colne Robotics 
‘Zeaker Micro-Turtle’, designed for use 
with the BBC Micro and the Spectrum. This 
is a no-frills, two motor device using its 
own power supply, including a retractable 
pen for drawing Logo graphics and six 
switch-type touch sensors. 

Using the BBC A-to-D input, it would be 
a simple matter to build an elementary vis- 
ion sensor for a device like the Micro- 
Turtle. A photoresistor (for example, the 
ubiquitous ORP 12) is used as one arm of a 
potential divider connected to one channel 
of the A-to-D input. The BASIC function 
ADVAL then returns a value dependent on 
the light falling on the photo-resistor. A few 
program lines are all that’s required to 
direct the Micro-Turtle towards or away 
from a light source. 

The Edinburgh Turtle from Jessop Mic- 
roelectronics can also be used with the 
BBC Micro and the Spectrum, while a 
device known as the BBC Buggy (from 
Economatics) already includes visual sen- 

| sors enabling it seek light sources, 
negotiate obstacles and follow lines. 

| Robot arms are available to the hobbyist 
ina variety of models — from a ‘meccano’- 
style crane called The Beasty (supplied by 
Commotion) to Cyber Robotics’ £700 
Cyber 310 robot, controlled from any 8-bit 
parallel port, capable of lifting 250 grams 
and supplied complete with forth compiler 
and Cyber’s RoboForth and BASIC 
routines. The arms themselves are all 
more-or-less standard. There are four 
standard geometries, but one has come to 
dominate. Almost all commercial robots 
use revolute geometry in which a multiply- 
jointed arm rotates about an axis like a 


Manufacturer 
Colne Robotics 
Systems Control 
Powertran 


Cyber Robotics 
Microbot 


Sandhu Design 
Mitsubishi 
Patscentre 
Seiko 

Pendar 
Microbo 


UK 


UK 


UK 


UK 
USA 


USA 
JAP 
UK 
JAP 
UK 
SWZ 


SMALL ROBOTS 


Origin Model 


Armdroid} 
Armdroid Ii 


Smart Arms 4E 
Smart Arms 6E 


Micrograsp 
§-101 
P=101 


Cyber 


Alpha 
Minimover 


Rhino XR-1 
Movemaster 
Yes-Man 
700 
Placemate 2 


MR-01 Souris 
MR-02.Castor 


Type DofE Lifts 


TU Ob Oa. & &. eC e*c Oe ek, 4k 


4 
@ 


Oran aown oa.an 


Price 
(g) (£) 


300 400 
2000 1500 


50 480 
200 780 


200 
1500 740 
2000 950 


250 650 


680 $10000 
450 $2000 


$2400 

500 
10000 
1000. 9000 
2000 13000 


100. expen- 
1000 _ sive 


Notes: 


Types J = jointed, or anthropomorphic geometry 


C = cylinder 
P ="polar 


dofF: Number of degrees of freedom of the robot 


(the Yes-Man has two arms) 


Table showing some of the range of small robots now available. 


approach objects from a variety of different 
angles. (Programming six joints, however, 
is a complicated job). 

As with buggies, touch and vision sen- 
sors can be added to the robot arm — mic- 
roswitches can be used to detect obsta- 
cles, pressure sensors to determine grip 


“,.the classic po of robots are hand-eye. 
machines and maze solvers...” 


human arm rotating about a human waist. 
The other geometries are cartesian (planar 
motion only); cylindrical (planar with yaw); 
and polar (using a length-adjusting arm 
with yaw and pitch) (Figure 1). For posi- 
tioning tasks in three dimensions, revolute 
geometry is close to ideal, enabling the arm 
to manoeuvre round obstacles and 
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and, say, a video camera and image pro- 
cessor used to recognise objects. Similarly 
a speech-recognition system could. be 
attached to a buggy or an arm to give it 
directions — several are available, and 
they are getting cheaper all the time. The 
Texas Instruments’ SP1000 chip, for 
example, recognises and synthesises 


speech using linear-predictive code and 
sells at a volume price of only $7.50. (This is 
the chip used by the speech add-on for the 
TI99/4A computer). 

The problem with all this is software. For 
most applications, hobbyists will need to 
write their own software and this task is not 
facilitated by the predominance of BASIC 
among microcomputers. Fortunately, 
robot-specific languages (including a 
number of enhanced BASICs) are begin- 
ning to appear — Microbot’s Armbasic, 
Intelledex’s Robot Basic, IBM’s AML, 
Unimation’s update of its classic VAL 
language, Cyber’s RoboForth and Ameri- 
can Robot’s AR-Basic, among them. 
Robot arms are frequently programmed by 
use of a teaching pendant — which takes 
the machine through a series of steps, 
committing each one to memory — but 
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sent and future 


intelligent robot behaviour requires com- 
plex suites of programs to co-ordinate, 
interpret and learn from a range of inputs 
and outputs. Software development is 
undoubtedly the most fruitful area for 
enterprising hobbyists. 

The two classic prototypes of robot 
devices are hand-eye machines and maze- 
solvers. Mechanically, the maze-solver is a 
simple motor-driven wheeled device cap- 
able of turning and forward and reverse 
motion. It is said to have two degrees of 
freedom — which means, in effect, that 
given the set of final positions for the maze- 
solver two independently operating motors 
could drive the machine to any specified 
position. A hand-eye required to operate in 


three dimensions would need at least three |: 


degrees of freedom. If the orientation of the 
hand is taken into account, the machine 
would need six degrees of freedom — 
three representing longitudinal, latitudinal 
and perpendicular motion and three repre- 
senting rotations about these axes (roll, 
pitch and yaw, respectively). 


Notable work 


Sensors attached to maze-solvers and 
hand-eyes allow them to perform tasks 
within their environments. Work done in 
the sixties and early seventies — notably at 
Stanford University, Edinburgh University 
and the Massachusetts Institute of 
Technology — employed such devices in 
artificial intelligence research. Typically, a 
hand-eye would be required to manipulate 
objects in a so-called ‘blocks-world’: 
children’s building blocks, coloured 
pyramids, boxes and cylinders. It might 
also be required to answer questions 
about its small world, make deductions 
and learn from experience. If mounted ona 
maze-solver type device, the whole 
system would be required to pick paths 
through blocks and to fetch and carry on 
command. 

A simple articulated joint or motorised 
‘buggy’ can be hooked up to the I/O port of 
a micro via a ribbon cable and operated 
directly from the keyboard. Building your 
own buggy (or turtle, as they are often cal- 
led following their widespread use with 
computers running Logo) is a little more 
complicated than it might first appear. The 
crucial problem is driving the motors and 
since there are several types of suitable 
motor (a variety of steppers, DC servos and 
brushless AC servos) a general article can’t 
go into details. (Although future articles will 
take up this aspect of robotics — along 
with others). In general, a motor — like any 
peripheral — should be chosen with its 
application in mind, and that means look- 
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ing at its type, its phase characteristics, 
torque, speed and supply voltage. These 
questions become even more complicated 
when it comes to robot arms, most of 
which are designed to operate using six 
motors (one for the gripper and the others 
for moving the arm with five degrees of 
freedom). 

The dedicated robotics experimenter 
need not be content with an arm or a leg — 
at least two American companies have, in 
the past year, introduced the first of what 
will doubtless become a flood of ‘personal 
robots’. The Heath Company’s Hero | 
comes as a kit at $1500 (£1600), assem- 
bled at $2495, while Nolan K. Bushnell (the 
man who founded Atari and thus, in effect, 
the videogames business) is backing 
Androbot’s Topo and BOB (‘brains on 
board’) robots at $1195 and $2495 respec- 
tively. These robots — resembling R2D2, 
I'm afraid — come with on-board proces- 
sors (the 6808 for the Hero and the 8088 for, 
Topo and BOB), arms (which only need to 
be polar for a mobile robot), and a variety of 
sensors and speech synthesis devices. 
Control can be by pre-programming, wire, 
infrared or radio link. 

These robots are capable of mapping 
rooms, responding to light and sound, 
fetching and carrying and performing 
simple household tasks. They can be pro- 
grammed by a separate computer or using 
on-board keys or a pendant. 

Androbot are promising Topologo and 


Topoforth software packages on disk to 
supplement the standard BASIC package. 
It’s an irony that there is precious little in 
the way of applications software. In the 
past, we were most concerned about what 


PERPENDICULAR 


Figure 1. The major axes of a manipulative arm. 


robots would do once we let them loose. 
Now that we have them, it seems that the 
best their manufacturers can do is teach 
them to serve drinks at consumer elec- 
tronics shows. a 
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INTRODUCING 


TOPO | 


To quote media man on mechanical man, 
William Woollard said of Topo at its UK 
launch, ‘itis along way from being a useful 
domestic robot’. What then, at £1,500, can 
Topo do that cannot be accomplished by 
any static computer controlled system? 


Topo is a 3 foot high x 2 foot wide robot 
built in a white ABS plastic body. The 
robot is controlled via infra red signals 
from (presently) Apple Il and lle com- 
puters, using a version of the FORTH 
language. And, of course, Topo is all 
singing, all dancing (it can walk and talk). 

Topo moves on two wheels angled at 
some 30 degrees to the ground. The 
robot is styled in the manner of those 
toys which, because of their low centre 
of gravity, always bounce back to an 
‘upright position when pushed over. The 
DC, encoded motors and gearboxes 
which drive forward movement (speed, 
distance, rotation and acceleration) are 
extremely accurate — to 1%. Speed is 1- 
50 cm/sec; turn rate is 1-100 degrees/sec; 
the robot turns within its own width, and 
has a maximum range of 25 feet from 
the control transmitter. 

Topo does not begin or end a move- 
ment at top speed, but with gradual 
acceleration to speed and gradual de- 
celeration at the end of a movement. 
This acceleration/deceleration ‘ramp’ is 
measured in cm/sec? altered in value 
over a range of 1-255. Curved path 
movement is also possible using the 
ARC command (see below). Power is 
from sealed cell batteries, with a life of 3 
hours before recharging. 

Topo’s speech system is quite ver- 
satile. A text-to-speech allophone 
system is used, converting text into 
strings of phonetic characters. Topo can 
control pitch, volume, rate, intonation, 
and can speak the answers to arithmetic 
problems (the patient teacher?) or speak 
a set of words at a certain specified time 
(Time to get up! perhaps). 

Topo is controlled by a FORTH pro- 
gram which uses key words, called 


Toposoft. At present the only version 
available is for the Apple II and lle, but 
new versions are planned for the BBC 
micro and other popular home com- 
puters. A 6502 assembler already exists 
in the manual. 

Via an RS232C interface an infra red 
transmitter is connected to the com- 
puter. Three banks of transmitter/ 
receivers, capable of penetrating some 
solid objects, are directed towards the 
area of movement of the robot. Topo 
itself has receiver transmitters arranged 
all round its head, and can therefore 
remain under control whatever direction 
it is facing in. The messages received 
from the computer are decoded and 
tested. If the message appears garbled 
or incomplete the robot sends a signal 
requesting confirmation of the com- 
mand before acting upon it. Commands 
may require instant action, or action at 
some time in the future. Speech and 
movement commands may be sent 


mands, Topo can be controlled by a 
simple joystick (movements only) or by 
a button located on its head. By pressing 
in one (or two} of four directions it is pos- 
sible to control forward movement 


“The uses to which Topo is put will depend largely on 
its owner’s imagination”. 


simultaneously within a _ single se- 
quence. Atypical command sequence to 
make Topo turn left and say hello would 
be: 


90 LEFT SAY “HELLO” 


or to make the robot turn in a curved 
path: 


90 ARC 100R 
will make Topo perform a 90° right turn 


while moving forward 100cms. 
As well as through keyboard com- 
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(start, stop, right, left). Also available is a 
teach mode. The robot can be taken 
through a sequence of movements man- 
ually, and these are transmitted to and 
stored in the computer for later use. Any 
sequence of instructions keyed into the 
computer can be nominated as 
keywords, and the movement repeated 
by use of the single word or sequence of 
words in much the same way as the 
Logo language. 

A number of control channels are 
available for use with future add-ons to 
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Left, Topo 
and Fred. 
Fredisa 
turtle type 
robot, also 
controlled by 
infra red and 
possessing a 
speech chip. 
Above is the 
moveable 
arm with 
which Fred 
holds his pen. 


Topo. A space is available in the side to 
accept an arm (or ‘manipulative growth 
unit’ as the manufacturer terms them) 
and at the front of the robot for heat, 
smoke or temperature sensors. 


Performance potential 


So much for the bare specifications of 
Topo, what of the performance, and the 
potential. 

Certain deficiences were apparent 
immediately at the launch of the 
machine, but these cannot be confirmed 
until we manage to get hold of one from 
the UK distributors, Prism. Firstly, it is 
probable that mobility will be very 
limited by the type of surface over which 
the robot will have to move. Topo was 
designed for maximum efficiency over 
carpeted floors, and would probably 
move well over any flat surface from 
which reasonable purchase could be 
obtained. At its first day out at the Lon- 
don Hippodrome, however, Topo per- 
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formed badly on a polished dance floor, 
failing to rise over a low ledge in the 
floor (no more than half an inch) and 
wrecking his/her({?) dance routine. 

Topo would probably have some diffi- 
culty negotiating the rooms, passages 
and furniture (to say nothing of small 
children) within the average house. 
Topo barely squeezed through the doors 
of the Hippodrome and flattened one 
journalist's foot (mine) so breaking 
Asimov's first law of robotics (quoted in 
the Topo manual, ‘A robot may not 
injure a human being, or, through in- 
action, allow a human being to come to 
harm’). So much for Asimov. 


Applications 


Topo’s superiority over the more com- 
mon intelligent system, be it speech 
synthesiser, teaching tool, sensor, timer 
or alarm, can only be obtained through 
its mobility. This is probably not yet 
refined or versatile enough to replace a 
stationary system: hence the words of 
William Woollard. The manufacturers of 
Topo clearly understand this, and are 
marketing the machine first and 
foremost as a pioneer of the robotics 
age, and as acompanion. 

The first 500 purchasers of Topo will 
receive a plaque signed by the inventor, 
Nolan Bushnell of Atari fame, and the 
robot will be numbered and registered 
in their name to commemorate the 
owner's ‘leadership in the age of 
androbotics'(!). So, first and foremost is 
the prestige of owning your own robot. 

Secondly, it is perhaps significant that 
Topo has a very ‘friendly’ appearance 
and is the same size as a child. Psychi- 
atrists may face interesting new prob- 


lems in the future when visited by all 
those only children brought up with a 
robot. Topo would be an ideal teaching 
device, in both language and mathe- 
matics, for the very young. 


“A pioneer of the robotics | 
age?”, 


Another obvious applications is in 
teaching control, but this can be done by 
robot arms and turtles at less than 10% 
of the price. 

Topo’s ability to manipulate objects 
will probably always restrict its use for 
simple domestic tasks. A compartment 
in the robot's chest cavity is intended for 
carrying objects (the dinner from the 
kitchen?). Prism, the UK distributors of 
Topo, claim that it can be used for 
vacuuming and mowing the lawn. It is 
difficult to see how such tasks could 
easily be achieved , particularly the lat- 
ter. 

Finally, the inclusion of sensors will 
give Topo the capacity to act as a 
mechanical guard dog, to warn against 
fire, or to look after the house while the 
owner is out. Again, however, similar 
static devices can do the job just as well. 

The original question remains par- 
tially unanswered. As it stands Topo is 
an expensive toy, but a very sophisti- 


Topo moves on two wheels angled at 
30° to the ground. 


cated one. Toys fulfill an important func- 
tion in learning, for adults as well as for 
children. The uses to which the robot is 
put will depend largely on its owner, and 
there is clearly potential for serious use. 
Robotics is a science in its infancy, and 
Topo may represent the first of a new 
generation of tools within the home. 
Equally it and its companions may 
become white elephants. Until 
mechanics catches up with electronics 
in terms of price as well as performance 
we will not know the answer to this 
question for Topo or any other robot of 
its type. The arrival of Bob, a more 
sophisticated sibling of Topo from the 
same manufacturer, may provide more 
clues. bob has an onboard computer 
and more sophisticated mechanics, and 
is soon to be launched in the States by 
Androbot. 
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UK robotics 


research 


Peter Matthews surveys the current UK robotics research activity and 
has some hints for anyone seeking help with the development of a 


The academic world is as interested (and 
maybe even more) in robots and robotic 
techniques as industry. The research 
which often reflects the leading edge of 
technology is sometimes so _ far 


advanced that it does not have a rele-: 
vance for everyday industrial problems. . 


There is however an increasing dialogue 
between the academic and_ the 
businessman. Much of this initiative is 
the responsibility of the Science and 
Engineering Research Council (SERC) 
who administer the funds and resources 
of Universities, Colleges and 
Polytechnics. They have by a number of 
schemes tried to draw the academic and 
the manufacturing world together on 
the subject of robots. The result is that 
there are centres of excellence in robot 
research all over in the country com- 
parable to anywhere in the world but, 
although a dialogue is developing, it is 
not enough. 

In 1980 SERC launched a major Indust- 
rial Robotics Research programme 
required for the second generation 
robot. The SERC definition as “the appli- 
cation and further development of in- 
herently flexible = (programmable) 
devices for improved manufacture and 
distribution in industry”. The looseness 
of such a definition allowed a wide range 
of research and development and the 


Robotics project. 


other hand the university researchers 
have been heard to say that they were 
expected to act as junior production 
staff. For this reason SERC has put the 
emphasis on the co-operation of the two 
sectors using jointly developed ob- 
jectives. Then using these objectives 
and the commitment of at least one full 
time engineer who has the ability to 
define and monitor milestones, the 
robotic front stands a far better chance 
of success than most academic/industrial 
collaborations. 

Under this scheme, over 30 big pro- 
jects are being carried out in 20 univer- 
sities costing £3 million. This is the 
officially funded end of robotic research 
but this does not describe or define the 
lesser but just as interesting robotics 
projects which are going on in 
polytechnics, colleges and even schools 
throughout the country. Although the 
major projects are of national interest | 
regard the smaller undertakings as 
being more interesting. Certainly these 
smaller efforts are far more fun. Predict- 
ably these ‘fun robotics’ are based in the 
junior and educational range and, of 
course, the hobbyist. Probably the 
greatest amount of unsubsidised mid- 
night oil to be burnt is for the ‘Micro- 
mouse’ competition. 

This is an event whose presiding 


“he’s pest our project into a Nobel prize” 


was someft 


ing overheard in one factory. 


academic world has taken advantage of 
the opportunity. The table opposite of 
institutions and their research shows 
their interests. 

There has always been an obstacle 
between the academic and the commer- 
cial attitude to product development. 
The businessman has been known to 
grumble that timetables, cost effective 
engineering and serviceability of the 
product are meaningless to the 
pedagogue. “Heis trying to turn our pro- 
ject into a Nobel Prize” is something that 
was overheard in one factory. On the 
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genius is Doctor John Billingsley of 
Portsmouth Polytechnic. His infectious 
enthusiasm has taken the contest from 
small beginnings to an international 
event. The last to be held was in Madrid. 
The contest takes the form of a maze that 
the tiny robot has to find its way through 
to the centre. The complexities of the 
robot finding its way through, sensing 
the dead ends or corners and if it wants 
to stand a chance, remembering where 
it has been, attracts individuals and 
teams of the highest calibre. Appren- 
tices from large companies, computer 


club teams and many others spend 
much time and trouble to produce 
beautifully made devices which have 
become cleverer and cleverer. So much 
so that in John Billingsleys opinion the 
concept of the ‘race’ will have to change. 
The Micromouse device ‘Thumper’ not 
only found its way to the centre in 
seconds but also announced its pro- 
gress by voice synthesis as it went. Now 
John thinks that they will have to re- 
define the contest. The maze ‘race’ will 
be maintained for schools teams and 
others who want to continue this amus- 
ing and interesting event. For those who 
want a greater technological challenge 
however, the rules of Robot PING PONG 
were published in the computer press 
some time ago. The difficulties of track- 
ing and hitting a ball at speeds almost as 
fast as ahumancan move are incredible. 
The rules which limit the areas of ball 
movement however make the task 
easier for participants, although not as 
easy as the maze race now appears to be 
to those who have not tried to make their 
own robot. Not that it seemed that easy 
or even possible in 1980 when Micro- 
mouse started. Maybe we will find the 
table tennis champions being given a 
run for their money by a robot in much 
the same way as the chess masters 
being given a hard time by computer 
driven opponents. Whatever happens 
there will soon be a lot of young (and not 
so young) enthusiasts building Ping 
Pong robots. The thing that this will dois 
extend the knowledge and ‘know how’ 
of many in light robotics, much of which 
will undoubtedly be ‘spun off’ into more 
practical applications. 


Designing a robot... 


... where do you start? Well what's the 
problem ...do you want to apply robots 
to your production line or do you want to 
design a robotics device? 

If itis a production problem the place 
to start without doubt is the PERA. 
Under the avuncular but enthusiastic 
leadership of Professor Higginbotham 
PERA has become one of the foremost 
centres of robot application in Europe. A 
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simple request will give a guided tour to 
their laboratories and workshops show- 
ing awhole range of robots and machine 
tools. They will also give advice and 
guidance to how to get grants, loans or 
even free consultancy for the applica- 
tions of robots to production lines and 
tasks. The development of a robot or 
robotic device on the other hand using a 


research team from one or other of the |. 


electronic or mechanical engineering 
departments of any one of the many uni- 
versities or colleges requires a different 
approach. To establish an RGD project 
with a university the first step would be 
to seek advice from Doctor Peter Davey 
at the Rutherford Appleton Laboratory 
at Didcot about the SERC robotics initia- 
tive. He or his staff will give you the 
necessary advice to take the first steps 
for collaborative research. 

All these are ways to develop major 
projects and initiatives in robotic 
development and the grants and loans 
which come from the Department of 
Industry will help them along the way. 
Many readers however will want to 
develop a system or device which is less 
ambitious. There are in fact only a few 
forms of robot that can be involved. 
There is of course @ a handling device 
such as an anthropromorphic or human 
type of arm or the simpler telescopic 
form of arm, ® a mobile robot which 
could range from the unsophisticated 
‘turtle’ type of device which can only be 
programmed to repeat a pattern on a 
floor, to the sophisticated type of Star 


Wars device which walks and sees 
where it is going, avoids obstacles, and 
is able to recognise voice commands 
and able to respond to them in various 
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computer boards for programming the 
movement of the mechanisms to move 
either wheels or joints, potentiometers 
and shaft encoders to measure the posi- 


”,,. throw out a challenge to our readers to 
designa robot...” 


ways maybe even by synthesising 
speech to answer back. 

A positional device to repeat better 
such as the lathe or even a plotter which 
although not usually regarded as robots 
do satisfy the criteria which is ‘a 
mechanical device which is capable of 
being programmed to adapt to the users 
changing needs or requirements’. 

Any robot has mechanical, electronic 
and programming software aspects to it 
and the putting together of these in a 
vastly different combination of ways 
that lead to the fascination of robot 
design and application. Most of the com- 
ponent parts of a simple robot in any 
three classes is already developed and 
on the market. They consist in general 
of:- 

Mechanics — Gears, drives such as 
belts or chains, bearings and even some 
mechanical frameworks such as lego, or 
mechano although generally robot 
makers make up their own frameworks 
with wheels or tracks for driving mobile 
robots. 

Electronics — Driver boards for both 
servo mechanisms or stepper motors, 


MAJOR ROBOTIC.R & D PROJECTS 


Academic Institutions 


Aberystwyth 

Bath 

Birmingham 

Cranfield 

Cambridge 

Durham 

Edinburgh 

Gwent College of Higher Education 
Hull 

Imperial College 

Lancaster Polytechnic 

Liverpool Polytechnic 
Loughborough 

Newcastle 

Nottingham 

Open University 

Oxford 

PERA 

Portsmouth Polytechnic 

Queen Mary College 

Queens University Belfast 

Royal Holloway College 
Rutherford Appleton Laboratories 
Salford 
Surrey University 

Sussex University 

UMIST 

University College 

Warwick 


Academic institutions involved in robotics research together with any co-operating commercial 


company. 
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Co-operating Companies 


’ British Robotic Systems 


Waller Crosswaller 
Unimation 
Remick/Parkinson Cowan 


Lyle & Scott 
GEC Hirst 


GEC Marconi/Corah 
LK Tools 


Martonanic/British Rail/Coates Patons 
Austin Pickersgill 


— 


BL Technology 


Turnwright Controls 

Micro Consultants 

Short Bros 

United Biscuits 

Computer Recognition Systems 
Fairy Automation 

Hall Automation 

EMI 

British Robotic Systems 


— 


Lansing Bagnall 


tion of the wheel or joint and feed the 
information back to the processing 
board. Sensors of the tactile or proximity 
type to detect when the mobile or arm 
has bumped into something. Vision sen- 
sors using photodiodes, cameras or 
even charge coupled devices, alter- 
natively a sonic or infra red sensor to 
‘see’ obstacles. 


Voice synthesis and_ recognition 
devices — to give the thing the ability to 
listen and reply to its master. Last and 
not least because a power weight ratio is 
one of the central problems in mobile 
robots and even to some extent in hand- 
ling devices — a power ‘source, either 
transformed from the mains or direct 
from a battery. 


Programs and Interfaces — The easiest 
thing to put together in a robot is gener- 
ally the electronics modules. The most | 
difficult part of those electronics is how | 
those modules fit together through 
interfaces to each other. Lastly a robot, 
either simple or complex, can be made 
or marred by the program that runs it. 
There will be endless discussions about 
the advantages or otherwise Basic, 
Machine Code, Forth or other languages 
for control and how they can be 
employed to drive operate and flash the 
lights and eyes of your robot. 

These then are the tools of the robot 
designers trade; let's see how they go 
together to make devices for fun, educa- 
tion and even profit. Over the next few 
months we will try to establish a few 
robot projects that can be carried out by 
you so that you can better understand 
the principle and practices of com- 
puterised controls, cybernetics and 
astonishment of your less technical 
friends. 

To do this we are going to go to 
several institutions mainly of the 
academic kind to see what they have 
done to and give you a few specifica- 
tions, maybe even plans and specified 
components. We may provide some 
software but we will expect some con- 
structive suggestions from you as to 
how you can make the little beast a little 
more user friendly. We would also like to 
hear from you as a company, college, 
polytechnic or individual about the pro- 


ject you have or will develop so that we 


can tell a world agog to know. We also 
intend to throw out a challenge to our 
readers to design a specific robot for a 
specific purpose and see how you react 
to the challenge particularly if there is a 
worthwhile prize at the end of it. Let's 
see then what next month will bring!! 
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HOT LINE DATA BASE 


DISTEL© 


THE ORIGINAL FREE OF CHARGE dial up data base. 
1000's of stock items and one off bargains. 
ON LINE NOW - 300 baud, full $99 CCITT tones, 8 bit 


word, no parity. 0 1-6 9 1888 


Cure those unnerving hang ups and data glitches caused 


HARD DISK DRIVES 


refurbished DIABLO/DRE series 30 2.5 Mb disk drives. 
RKOS, NOVA, TEXAS compatible. 
Front load. Free stand of rack mount 
peta type (via lid removal) 
me3029 PSU unit for 2 drives £125.00 
DIABLO/DRE 44-4000A/B 5+5 ex stock from £995.00 
1000's of spares for $30, 4000, 3200, HAWK ex stock. 
Plus bn house repair, refurbishing service, 
Call for details or quotation. 


Full 

bee 
£550.00 
£295.00 


1000’s OF 
BARGAINS 


All in one quality computer 

cabinet with integral switched ; 

mode PSU, Mains filtering, and twin fan cooling. 
Originally made for the famous DEC POPS computer 
system costing thousands of pounds. Made to run 24 
hours per day the PSU Is fully screened and will deliver a 
massive +5v DOC at 17 amps, +15v DC at 1 amp and -15¥ 
DC at 5 amps. The complete unit is fully enclosed with 
removable top lid, filtering, trip switch, ‘Power and ‘Run’ 
LEDs mounted on Ali front panel, rear cable entries, etc. 
etc, Units are in good but used condition -— supplied for 
240v operation complete with full circuit and tech, man. 


Matchbox size solid state switch 2 fied IR D2402 

) loads up to 
600 watts, direct from your micro etc. Fully isolated 
3-32 v DC input with zero voltage switching. 


enables on off control of 240 V AC 


Complete with data £6.99 + pp 


250,000 other relays EX STOCK call for detai 


COOLING F 
Keep your hot parts COOL and RELIABLE 


with our range of BRAND NEW professional 
cooling fans. 
ETRI SOXUO! Dim, 92 x 92 x 25 mm. 
Miniature 240 v equipment fan complete with 
finger guard £9.95, 
GOULD JB-3AR Dim, 3" x 3” x 2.5" compact 
very quiet running 240 v operation. NEW £6,9 
BUHLER 69.11,22. 8-16 v OC micro 
miniature reversible fan. Uses a brushless 
servo motor for extremely high air flow, 
almost silent running and guaranteed 10,000 “ 
hr life. Measures only 62 x 62 x 22 mm. 
Current cost £32.00. OUR PRICE ONLY 
£12.95 complete with data. 
MUFFIN-CENTAUR standard 4" x 4" x 1.25" 
fan supplied tested EX EQUIPMENT 240 v at 
£6.25 of 110 v at £4.95 or BRAND NEW 240¥ 
at £10.50. 1000's of other fans Ex Stock. 

all for Details Post & Packing on all fans £1.6Q] 


&" WINCHESTERS 


BASF 6172 23 mb 8" winchester disk 
drive, Complete unit consists of sealed 
cavity with 3 x 8" plattens and CPU based 
control logic on 3 pcb's. Multiplexed i/o 
with the BASF "DISK BUS" interface is via 
a single 40 way cable. Units have been 
carefully removed from believed working 
ulpment — but at the staggering price of 
ONLY £125.00 are sold without guarantee. 
Supplied complete with 200 bart tech 
manual, Additional +5V DC, -12VDC, 
_ +24VDC £65,00 
} Carriage & Ins £10.00 


SOFTY 2 


The amazing SOFTY 2. The complete "toolkit" 
for the open heart software surgeon. Copies, 
Displays, Emulates ROM, RAM and EPROMS 
of the 2516, 2532 variety. Many otherfeatures 
include keyboard, UHF modulator. Cassette 
interface etc. Functions exceedcapabilities of 
units costing 7 times the price! Only 


£169.00 pp£1.95 Data sheet on request 


DATA MODEMS] 


Join the communications revolution with our 
range of EX TELECOM data modems Made to 
most stringent spec and designed to operate 
for 24 hrs per day. Units are made to the 
CCITT tone spec, With RS232 i/o levels via 
a25 way'D skt. Units are sold in a tested 
and working condition with data Permission 
may be required for connection to PO lines. 


MODEM 2B “Hackers Special" fully fledged 
up to 300 baud full duplex, AN R or CALL 
modes, AUTO ANSWER. Data i/o via 
standard R$232 25 way ‘D' socket, Just 2 wire 
connection to comms line. Ideal networks etc. 
Complete with data, tested, ready to run ata 
NEW SUPER LOW PRICE of OWLY £65.00 + 
VAT + Carr, 
MODEM 20-1 Compact unit for use with 
MICRONET, PRESTEL or TELECOM GOLD 
ete. 2 wire direct connect 75 baud transmit 
1200 baud receive. Data 10 via RS232'D 
socket. Guaranteed working with data £49.95 
MODEM 20-2 same as 20-1 but 75 baud 
recewe 1200 baud transmit £420.00 
DATEL 4800 sync service. RACAL 
MPS4800 ex TELECOM good condition. 
£395.00 + VAT. 
NEW DSL21 23 Multi Standard modem 
selectable V21 300-300 bps, V23 75-1200, 
V23 1200-75 full duplex. Or 1200-1200 half 
duplex modes, Full auto answer via modem or 
CPU. LED status indicators. CALL or ANS 
modes Switchable CCITT or BELL 103 & 
202. Housed in ABS case size only 2.5" x 8.5" 
x9", £286.00 + VAT 
For turther data or details on other EX STOCK 
an modems contact sales office. 


Carriage on all modems £10.00 + VAT. 


by mains interference 

SD5A As recommended by ZX81 news letter, matchbox 
size up to 1000 watt load E5.95 
12127 compact completely cased unit with 3 pon fitted 
socket Up to 750 watts £9.99 


SAVE 


CENTRONICS 739-2 


The “Do Everything Printer’ at a price that will 

NEVER be repeated. Standard CENTRONICS 

parallel interface tor direct connection to BBC 

ORIC, DRAGON etc. Superb print quality with full 

Cie Bin addressable graphics and 4 fonts plus 
HIGH DEFINITION internal PROPORTIONAL SPACED 
MODE for WORD PROCESSOR applications. 80-132 
columns, single sheet, sprocket or {oll paper handling plus 
much more. Available ONLY from DIS! ELECTRONICS 
at the ridiculous price of OWLY £199.00 + VAT Complete with 
full manual etc. Limited quantity -Hurry while stocks last. 
Options. Interface cable (specify) for BBC, ORIC, 

DRAGON or CENTRONICS 36 way pig £12.50. Spare ribbon 
£3.00 each. BBC graphics screen dump utility program £8.50. 


Cy 
A massive purchase of these desk top 
printer -terminals enables us to offer you 
these quality 30 cps printers at a SUPER 
LOW PRICE against their original cost of 
over £1000. Unit comprises of full QWERTY, 
electronic keyboard and printer mech with 
print face similar to correspondence quality 
typewriter. Variable forms tractor unit 
enables full width - up to 13.5" 120 column 
paper, upper — lower case, standard RS232 
serial interface, internal vertical and 
horizontal tab settings, standard ribbon 
adjustable baud rates, quiet operation plus 


many other features, Supplied complete KSR33 with 20ma loop interfaceé 125.00 + 
with manual. Guaranteed working £130.00 or 


Soi 
untested £85.00, optional floor stand £12.50 und proof enclosure £25.00 + VAT 


Carr & ins £10.00. PROFESSIONAL KEYBOARD OFF 


An advantageous purchase of brand new surplus allows a great QWERTY, full travel, 
chassis keyboard ofter at fractions of their onginal costs. 

ALPHAMERIC 7204/60 full ASCII 60 key, upper, lower + control key, paralle| TTL 
output plus strobe, Dim 12” x 6” +5 &-12 DC. £39.50. 

DE 6 Uncoded keyboard with 67 quailty, GOLD, normally open switches on 
standard X, Y matrix. Complete with 3 LED indicators & i/o cable - ideal micro 
conversions etc, pcb DIM 15" x 4.5" £24.95 Carriage on keyboards £3.00. 


SUPER DEAL? NO — SUPER STEAL!! 


The FABULOUS 25CPS TEC Starwriter 
RAND EW aT ONLY £499-+ VAT===7, 


My 3 
e€ 
Save, 


FROM £195 + CAR. + VAT 2 
Fully fledged industry standard ASR33 data 
terminal, Many features including ASC!) 
keyboard and printer for data |/O'auto data 
detect circuitry. RS232 serial interface. 110 
baud, 8 bit paper tape punch and reader for 
off line data preparation and ridiculously 
cheap and reliable data storage. Suppliedin 
good condition and in working order 
Options: Floor stand 2,50 + VAT 


Li >} 
Made to the very highest — 
spec the TEC Starwriter 
P1500-25 features a 
heavy duty die cast 
chassis and DIABLO type 
print mechanism giving 
superb registration and 
print quality. Micro- 
Bfetun  RELOrGUME 
roffer fu /QU : 
command compatability a fraction of it ee = 
lana full control via CPM Wordstar etc. S Original c 
Many other features include bi directional Ost, 
printing, switchable 10 or 12 pitch, full width 381 mm paper handling with upto 
163 characters per line, friction feed rollers for single sheet or continuous paper, 
internal buffer, standard RS232 serial interface with handshake. 
Supplied absolutly BRAND NEW with 90 day guarantee and FREE daisy wheel 
and dust cover. Order NOW or contact sales office for more information. 
Optional extras’ RS232 data cable £10.00. Tech manual £7.50. Tractor feed 
140.00. Spare daisy wheel £3.00. Carriage & Ins. (UK Mainland) £10.00. 


66% DISCOUNT °::; 


COMPONENTS 
EQUIPMENT 
Due to our massive bulk purchasing programme which enables us to bring you the best possible 
bargains. we have thousands of I.C.’s. Transistors, Relays. Caps, P.C.8.s, Sub-assemblies, 
Switches, atc. etc. surplus to our requirements. Secause we dont have sufficrent st of any 
one item to include in our ads, we are packing all these items into the BARGAIN PA 
LIFETIME’. Thousands of components at giveaway prices! Guaranteed to be worth 
at least 2 mes what you pay. Unbeatable value!! Sold by weght 


2.5kls £4.25 + pp £1.25 Skis £5.90 + £1.80 “31 
10kis £10.25 + pp £2.25 20 kis £17.50 + £4.75 


ALL PRICES PLUS VAT ater 


c 
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Give your system that professional finish for only 
£49.95 + Carr, Dim. 19" wide 
Useable area 1 
Also available 
19"w, 16"d. 10.5"h. £79.95, Carriage & insurance £9.50. 


Wied 10,5" high. 
“ww 10.5"h 11.5'd. : 
Bsu, with FANS etc. Internal dim. 


Ess 


5" CASED Superb little unit made by 
HITACHI in ergonimcally designed free 
standing case. Very high definition will displa 
small but readable 132 columns wide! 12v 
opp. @ BOO ma, so ideal for mobile use. 
Supplied in AS NEW condition complete with 
data. Composite 75 ohm vid inp, Black & White 
CRT £45.00 or Green CRT £55.00 

Carr & Ins £5.00, 

12” CASED. Made by the British KGM Co. 
Designed for continuous use as a data 
display station, unit is totally housed in an 
attractive brushed aluminium case with ON- 
OFF, BRIGHTNESS and CONTRAST 
controls mounted to one side. Much 
attention was given to construction and 
reliability of this unit with features such as, 
internal transformer isolated regulated OC 
supply, all components mounted on two 
fibre glass PCB boards ~ which hinge out for 
ease of service, many internal controls for 
linearity etc, The monitor accepts standard 
75 ohm composite video signal via SO239 
socket on rear panel Bandwidth of the unit 
is estimated around 20 Mhz and will display 
most high def graphics and 132 x 24 lines 
Units are secondhand and may have screen 
burns. However where burns exist they are 
only apparent when monitor is switched off 
Although unguaranteed ali monitors are 
tested prior to despatch. Dimensions 
approx, 14" high x 14" wide by 11" deep. 
Supplied complete with circuit. 240 volt AC 
operation. OWLY £45.00 PLUS £9.50 CARR. 


24” CASED. Again made by the KGM Co 
with a similar spec as the 12" monitor. 
Onginally used for large screen data 
display. Very compact unit in lightweight 
alloy case dim. 19° Hx 17" Dx 22" W. All 
silicon electronics and composite video 
input make an ideal unit for schools, clubs, 
shops etc. Supplied in a used but working 
condition, 

OWLY £55.00 PLUS £9.50 CARR & IWS. 


SEMICONDUCTOR 
‘GRAB BAGS’ 


Mixed Semis amazing value contents 
include transistors, digital, linear, |.C.s triacs, 
diodes, bridge recs., etc. etc. All devices 
uaranteed brand new full spec, with manu- 
acturers markings, fully guaranteed, 
50+ £2.95 100+ £5.15. 
TTL74 Series A gigantic purchase of an 
“across the board” range of 74 TTL series 
I.C."s enables us to offer 100+ mixed 
“mostly TTL” grab bags at a price which two 
or three chips in the bag would nnormally 
cost to buy. Fully guaranteed all (C's full 
spec. 100+ £6.90 200+ £12.30 300+ £19.50 


DEC CORNER 


MOSTEK CRT 80E Brand new dual 
eurocard, Z80 based VT100 PLUS 
emulator with graphics etc 

BA11-MB 3.5” Box, PSU, LTC 

DLV11-J 4 x EIA interface 

RKOS-J 2.5 Mb disk drives 

PDP1105 Cpu, Ram, i/o, etc. 

RT11 ver. 3B doc kit 

LA36 Decwriter EIA or 20 ma 

KLBJA PDP 8 async i/o 

MISE PDP 8 Bootstrap option 75. 
DILOG DQ100 RKOS LSI 4 x RKO5 disk 
controller £450.00 
LAXX-NW LA180 RS232 serial interface 
and buffer option 2. 
LAX34-AL LA34 tractor feed 

1000's of EX STOCK spares for DEC 
POPS PDP11 PDP15 & periperhals. 


5}, Call for details. All types of Computer 


equipment and spares wanted for prompt 
CASH PAYMENT 


Lvl 
Card order£ 10.00. Minimum BONA F|DE account orders from Government depts, Schools, Universities and established companies 
£20.00 Where post and packing not indicated please ADD £1.00. + VAT Warehouse open Morr Fri 9.30 ~ 5.30. Sat, 10.15- 5.30 
We reserve the right to change prices and.specifications without notice. Trade, Bulk and Export enquiries welcome. 
oO 
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i tal oe MONIT 32 Biggin Way, Upper Norwood, London SE19 3XF 
2 ELEC INGLE Telephone 01-679 4414 Telex 27924 


: eve t, x Allprices quoted are for U.K Mainland, paid cash with order in Pounds Stirling PLUS VAT. Minimum ordervalue£2.00, Minimum Credit 
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